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THE SAND TEST FOR DETERMINING THE STRENGTH 
OF DETONATORS. 


By C. G. Storm and W. C. Cops. 


INTRODUCTION. 


In connection with the investigations of explosives conducted by 
the Bureau of Mines, it is important that suitable tests be devised for 
determining the relative strengths of detonators, or the comparative 
ability of different grades or types of detonators to bring about the 
complete detonation of blasting explosives. The term “detonator” 
is used in the publications of the Bureau of Mines to designate what 
the miner calls a “blasting cap’”—a copper capsule containing a 
small quantity of some detonating compound that is ignited by a 
fuse. The term “electric detonator” is applied to a blasting cap that 
is similar except for being ignited by means of a small wire which is 
heated to incandescence or fused by the passage of an electric current. 

It is generally admitted that the detonation of an explosive charge 
by means of an initial detonator is the result of the combined action 
of the mechanical shock produced by the explosion of the detonator 
and the heat produced thereby. The chief requisite of an initial 
detonator is that it shall produce an intense local action in the form of 
a blow caused by the release of a large quantity of energy in a very 
short period of time. 

Fulminate of mercury may be considered as a typical example of 
an initial detonating agent. It is the best known of this class of 
explosives, and, either alone or mixed with other substances, it forms 
the charge of most of the commercial detonators or electric detonators 
used in mining and other engineering operations in this country. 


THEORIES REGARDING THE ACTION OF DETONATORS. 


Many theories have been offered to explain the action of detonators 
or primary explosives, and to show the reason for the superiority of 
mercury fulminate as a detonator as compared with other explosives 
that, seemingly, should be just as effective in bringing about the de- 
tonation of dynamite and similar explosives. For example, Abel ¢ 
advanced the theory that the action of the primary explosive, or 


@ Abel, F., Etudes sur les propriétés des corps explosibles: Compt. rend., t. 78, 1874, p. 1228. 
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detonating agent, on the secondary explosive is due to a wave syn- 
chronism or sympathetic molecular vibration between the priming 
substance and the secondary explosive, similar to the sympathetic 
vibrations in stringed instruments, in this manner accounting for the 
fact that even small quantities of mercury fulminate can bring about 
the detonation of other explosives, whereas such explosives as nitrogen 
chloride, nitrogen iodide, and diazobenzene nitrate, which are re- 
garded as more violent than mercury fulminate, accomplish the same 
results only when used in much larger quantities. Thus, 0.32 gram 
of mercury fulminate caused the detonation of guncotton, whereas 
more than 10 times as much nitrogen chloride (3.25 grams) was re- 
quired for the same purpose, and 6.5 grams of nitrogen iodide failed 
to cause detonation of the guncotton. 

Wohler®@ set aside Abel’s theory of wave synchronism, and attrib- 
uted the effects of mercury fulminate to the production, by its ex- 
plosion, of an enormous momentary pressure, the pressure being due 
to the kinetic energy of the gas molecules and therefore dependent 
primarily on the rate of detonation and density of the fulminate, and 
secondarily on the gas volume and heat evolved. 

Nobel, who first used mercury fulminate as a detonator in 1864, 
states in his patent specifications’ regarding mercury fulminate: 
“The principle of its action consists invariably in the production of 
a very intense shock or pressure.”’ ¢ 

Gody @ states that the pressure exerted by the explosion of ful- 
minate of mercury is estimated at 31,000 kilograms per square centi- 
meter at its point of contact. 

Berthelot © gives for pressures exerted the following values, ex- 
pressed in kilograms per square centimeter: Mercury fulminate, 
28,750; nitroglycerine, 12,376; nitrocellulose, 9,825. He attributes 
the initiating effect of the fulminate to the sudden development of 
the enormous pressure indicated. He also notes that there can be 
little if any dissociation of the products of explosion of mercury 
fulminate, all of the heat liberated by the reaction being effective 
in expanding the gases of explosion. Berthelot has sought to prove 
that mechanical shock does not, as a rule, cause explosion directly, 
but indirectly through the heat produced. 

At any rate, it seems evident that the explosion of mercury ful- 
minate results in an intense local action in the form of an enormous 
sudden pressure or blow, owing to the rapid transformation of a 
solid of high density into a relatively large gas volume at a high tem- 
perature. It also seems evident that the intense local action is 

a WoOhler, L., and Matter, O., Beitrag zur Wirkung der Initialziindung von Sprengstoffen: Ztschr. ge- 
samte Schiess- und Sprengstoffwesen, vol. 2, 1907, pp. 181, 203, 244, 265. 

> English Patent 1345, May 7, 1867. 

¢ Daniel, J., Dictionnaire des matiéres explosives, 1902, p. 193. 


4 Gody, Leon, Traité théorique et pratique des matiéres explosives, 1907, p. 279. 
¢ Berthelot, M., Explosives and their power, 1492, p. 469 (translation by Hake and Macnab). 
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responsible for the initiation of the explosion wave in the charge of 
dynamite or other explosive, with its production of chemical, thermal, 
and mechanical effects.2 


DIRECT AND INDIRECT METHODS OF TESTING DETONATORS. 


The measurement of the mechanical effects of this local action 
forms the basis of all of the co-called direct methods of testing the 
strength or efficiency of detonators. Indirect methods of testing 
detonators depend on the mechanical effects produced by explosives 
whose detonation is brought about by the detonators in question. 

A former publication of the Bureau of Mines ® presents a discussion 
of the commonly used tests, both direct and indirect, for determining 
the relative efficiency of detonators, and the results there set forth 
indicate that “the methods previously used-for the direct determina- 
tion of the relative strength of detonators were not satisfactory or 
accurate.” The tests referred to were as follows: (1) Lead-block 
tests, in which the detonators were fired in holes drilled in lead blocks, 
and the resulting expansion of each hole measured; (2) tests by 
explosion of detonating fuse by influence, in which the limiting dis- 
tance at which no explosion of a piece of trinitrotoluene detonating 
fuse (Cordeau detonant) resulted from the influence of the explosion 
of the detonator; and (3) tests by depression of lead plates, the deto- 
nators being placed on end in the center of one-half inch lead plates 
and the depression resulting on firing the detonator being measured. 

An additional test by a direct method, designated the nail test,¢ 
is discussed. The test depends on the angle at which a 4-inch wire 
finishing nail is bent when a detonator is fired in close proximity to 
it. The test is rather simple, inexpensive, and quickly made, and the 
average result of a sufficient number of tests gives an approximate 
comparison of strengths of different detonators. 

In all of these direct methods of testing detonators, however, the 
variation in results is considerably greater than the variation in 
weight of charge of the detonators, and it is apparent that a simple 
and reliable direct method of determining the strength of detonators 
is still much to be desired. 

As regards indirect methods of testing detonators, it is obvious 
that the best criterion by which to compare the relative efficiency of 
detonators is to compare their ability to bring about the complete de- 
tonation of insensitive explosives, or to produce the greatest mechani- 
cal effects from such explosives. Such methods of testing demand 
that the different cartridges of insensitive explosives used in the com- 
parative tests be uniform in every respect, a condition difficult to meet, 


@ Berthelot, M., Loc. cit.; see also Hall, Clarence, and Howell, S. P., Investigations of detonators and 
electric detonators: Bull. 59, Bureau of Mines, 1913, pp. 9-10. 

> Hall, Clarence, and Howell, S. P., Investigations of detonators and electric detymators: Bull. 59, 
Bureau of Mines, 1913, 73 pp. 

¢ Hall, Clarence, and Howell, 8. P., Op. cit., pp. 25-26. 
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especially in commercial explosives that have become insensitive 
through age. Furthermore, indirect methods of testing require too 
much time or too expensive apparatus, or both, to be of practical 
use in routine tests for determining the relative strength of commercial 
detonators. 


REQUIREMENTS FOR A SATISFACTORY TEST OF DETONATORS. 


In practice, every detonator tested is embedded in the explosive to 
be detonated. It is therefore unreasonable to expect that a test de- 
pending on the effects of the firing of detonators under unlike conditions 
of confinement should give reliable information as to the efficiency 
of the detonators in producing the detonation of blasting explosives. 

The lead-plate tests, explosion-by-influence tests, nail test, and 
others, all depend on the mechanical effects produced by unconfined 
detonators placed in certain definite positions relative to the material 
to be acted on. For example, the maximum distance at which a 
detonator will cause the explosion of a cartridge of dynamite varies 
according as to whether the detonator is laid at right angles or 
parallel to the cartridge. 

In the lead-block test the detonator is closely surrounded by the 
lead upon which it acts, but the results of comparisons obtained with 
this test fail to show that the test is a reliable one for determining 
the relative efficiencies of detonators. 

The sand test described in this bulletin is so conducted that the deto- 
nator is embedded in a material upon which the ‘‘smashing”’ effect, 
which appears to be the essential characteristic of an initial detonator, 
is free to exert itself, thereby producing a result that may be accurately 
measured. When the detonator is thus surrounded, the material 
to be acted on is subjected to all of the influences exerted by the explo- 
sion of the detonator—the violent blow, the pressure of the gases of 
combustion, the heat liberated, the characteristic wave or vibrations 
set up by the explosion, etc. The material on which the detonator 
performs its work is, in turn, inclosed within a solid, unyielding 
cavity, just as the primer cartridge of an explosive in which a detona- 
tor is placed in practice is confined by the walls of the drill hole. 

It is necessary, however, that the effects measured in the sand test 
should be shown to be comparable to the effects produced by the 
detonator in practice. It is the opinion of the writers that the new 
test described in this report more nearly fulfills this requirement than 
any other direct method of testing, and that the results of the tests 
presented here confirm this opinion. 


PRELIMINARY INVESTIGATION OF SAND TEST. 


In 1910, W. O. Snelling, then explosives chemist of the Bureau of 
Mines, devised a direct method for testing the strength of detonators, 
which depended on the extent to which a hard, brittle material of 
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uniform granulation was pulverized by the explosion of the detonator 
charge. The detonator was placed in a suitable bomb, which was then 
partly filled with a given weighed quantity of ordinary, clean, dry 
sand of uniform granulation (20 to 40 mesh), care being taken that 
the detonator was approximately in the center of the mass of sand. 
The detonator was then fired and the degree of the resulting disinte- 
gration or pulverization of the sand was determined by removing 
the sand from the bomb and sifting it through a series of standard 
sieves. The total quantity of sand passing through the 40-mesh 
sieve varied to a marked degree with detonators of different com- 
mercial grades, but was remarkably uniform for detonators of the 
same grade. Thus, tests of a number of detonators from a given lot 
showed that the percentage variation in the weight of sand pulverized 
was no greater than the percentage variation in weight of charge. 

In the preliminary work a total of about 40 tests were made of 
different samples of detonators and electric detonators varying in 
grade from No. 3, containing a charge of approximately 0.5 gram, to 
No. 6, containing about 1 gram of the usual mixture of mercury ful- 
minate and potassium chlorate. The results obtained indicated that 
the method offered a convenient and accurate means of determining 
the relative strength of detonators,* in spite of the fact that as it 
measured only the physical effects produced by the detonator, it 
appeared to be subject to most of the objections that have been 
advanced concerning the various direct methods of testing before 
mentioned. 


SYSTEMATIC DEVELOPMENT OF SAND TEST. 


In 1913 the writers began a systematic investigation of the sand 
test for determining the strength of detonators, and believe that the 
results presented herewith justify the acceptance of this method of 
testing detonators as a reliable means of determining the relative 
efficiency of the different grades of commercial detonators. 


SCOPE OF WORK. 


The preliminary work before mentioned has been continued and 
extended in the following respects: 

1. A large number of detonators and electric detonators of the 
various commercial grades have been tested, and the results have been 
compared with the average weights of charge in these various grades. 

2. A series of tests have been made of weighed charges of mer- 
cury fulminate and of mixtures containing 90 per cent of mercury 
fulminate and 10 per cent of potassium chlorate, and of other mix- 
tures containing 80 per cent of mercury fulminate and 20 per cent 
of potassium chlorate, in order to determine the relative crushing 


@ Brief mention of the work was made in a paper on ‘‘ The Energy of Explosives,” by W. O. Snelling: 
Proc. Eng. Soc. Western Pa., vol. 28, November, 1912, p. 673. 
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effects of these three initial detonating materials as shown by the 
sand test. 

3. The comparative crushing effects have been shown to be in 
agreement with the relative efficiencies of these three initial detonat- 
ing materials in causing the detonation of various insensitive explosive 
nitrosubstitution compounds. 

4. The test has been applied to a comparison of the relative 
strengths of various nitrosubstitution compounds when used, 
together with a suitable priming charge, in the so-called ‘‘reinforced”’ 
detonators. 

5. A limited study has been made of the effects of variations that 
may be produced in ‘‘reinforced”’ detonators, such as variations in 
charging pressure, in size of crystals of nitrocompound, in purity of 
nitrocompound, and the like. 


GRADE OF SAND USED. 


The sand used in the preliminary work was ordinary river sand, 
carefully dried and screened through 20-mesh and 40-mesh sieves, 
the sand caught on the 20-mesh and passing through the 40-mesh 
sieve being rejected, and the material caught on the 40-mesh sieve 
being used in the tests. The results of tests with this were closely 
uniform, but it was considered advisable to find a material that 
would not require careful preliminary preparation, and could be 
obtained by others wishing to make practical use of the method. 

The material finally selected was a pure, clean grade of quartz 
sand designated as ‘‘Ottawa standard sand,’ furnished by the 
Ottawa Silica Co., of Ottawa, Ill. This sand is practically free from 
particles coarser than 30-mesh, and entirely passes through a 20-mesh 
sieve. It is approximately pure quartz, containing about 99.90 per 
cent of SiO,, and different lots of it can reasonably be expected to 
give the same results with detonators containing equal weights of the 
same composition. In fact, three different 100-pound lots of this 
sand, used in the bureau’s laboratory, gave closely-agreeing results 


APPARATUS AND METHOD OF OPERATION. 


The apparatus used and the general method followed in making 
the tests described in this report are practically identical with the 
apparatus and method used in the preliminary work mentioned. 


DESCRIPTION OF APPARATUS. 


The apparatus (Pl. I) consists of a small steel bomb approximately 
21 centimeters (8} inches) long and 9 centimeters (34 inches) in 
diameter, with a cylindrical chamber or cavity 15 centimeters (6 
inches) deep and 3.1 centimeters (13 inches) in diameter. Two 
covers are provided of the same diameter as the bomb, each being 
2.2 centimeters ({ inch) thick at the edge and about 2.4 centimeters 

té inch) thick at the center. The thicker part of the center 
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provides a slight projection which just fits in the top of the cylin- 
drical cavity of the bomb. One of the covers has a central hole 3 
inch in diameter, which permits the passage through it of a piece of 
ordinary black-powder fuse. This cover is used when ordinary det- 
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Chamber cover for wires 


Detonation chamber 


FiguRE 1.—Cross sections of detonating chamber and covers. 


onators are being tested. The other cover is used in testing electric 
detonators and has near its center two small holes of such diameter 
as to allow the legs of an electric detonator to fit snugly. The bomb 
and its covers were made from a piece of steel shafting of suitable 
size. Details of its construction are shown in Plate I and figure 1. 
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A suitable clamping device, as shown in the illustrations, retains 
the cover in position and prevents loss of sand when the detonator 


is fired. 
PROCEDURE IN TEST. 


PLACING OF DETONATOR. 


The method of procedure is the same for testing either electric deto- 
nators or ordinary detonators. The detonator is fired in approxi- 
mately the center of a mass of 100 grams of the standard sand placed 
within the cavity of the bomb, and the extent to which the sand is 
pulverized by the detonation is then measured by screening tests. 
In testing electric detonators the legs are passed through the two 
small holes in one of the covers of the bomb, and in testing blasting 
caps a short length of fuse, crimped to the cap, is passed through 
the larger hole in the other cover. 

Forty grams of the sand is weighed on a small pulp balance or 
other convenient form of scale that will weigh to 0.01 gram. This 
sand is poured into the cavity of the bomb, the bomb struck sharply 
two or three times with a light hammer in order that the sand may 
be uniformly packed, and the detonator is then carefully inserted so 
that it rests on top of the sand and in, as nearly as possible, the exact 
center of the cavity, being held upright in this position by means of 
its fuse or wires. 

Sixty grams more of the sand (making a total of 100 grams) is 
poured around the detonator in the bomb and the bomb tapped with 
a hammer as before. The proper cover for the bomb is next put 
in place, the wires or fuse being passed through the holes in the 
cover without disturbing the position of the detonator or electric 
detonator in the center of the mass of sand. The bomb is placed 
within the clamping device and the cover held tightly in position by 
screwing down the two hexagonal nuts on the upright iron rods. 


SCREENING THE SAND. 


The sound produced by the explosion of the detonator within the 
bomb is faint, resembling a sharp “click,” such as is produced by 
striking together two pieces of metal. After the explosion the cover 
of the bomb is removed and the sand emptied onto a large sheet of 
glazed paper, such part as may adhere within the cavity being re- 
moved by means of a suitable scraper and brush. The electric- 
detonator legs or the charred fuse, together with any large fragments 
of the copper shell, are rejected after any adhering sand has been 
removed from them, and the entire charge of sand is carefully sifted 
through a nest of five brass-wire sieves of 30, 40, 60, 80, and 100 
mesh to the linear inch. 
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The sifting is done with both the brass bottom and the cover in 
place on the nest of sieves, and is facilitated by tapping lightly on 
the sides of the sieves with the hand or jolting the bottom against 
the table top. The sand should not be rubbed with the hand, as 
such treatment would force through the sieve particles that would 
otherwise remain on the sieve. Any hard, compact lumps of finely 
powdered sand are crushed between the fingers. Such lumps are 
usually found adhering tightly to the fragments of the copper shell 
of the detonator. 

After the screening is complete the separate fractions of the sand 
remaining in each sieve and in the bottom tray are emptied onto 
small sheets of glazed paper, transferred separately to a weighing 
scoop, and weighed. The sum of all of the fractions should equal 
100 grams plus the weights of the fragments of the copper shell left 
with the sand. 

PRECAUTIONARY MEASURES. 

When detonators of greater strength than No. 5 grade are to be 
tested, the explosion of the detonator may. blow the fuse out of 
the hole in the cover, and throw some of the sand out of the 
bomb. Such loss may be avoided by some suitable means of hold- 
ing the burned fuse in place during the explosion of the detonator. 
A convenient method for accomplishing this result is to slip over the 
fuse a short length of soft black-rubber tubing (about 0.5 inch long 
and of such inside diameter that it fits snugly on the fuse), and to 
adjust it at such a point on the fuse that when the detonator is in 
proper position in the center of the mass of sand, the upper end of 
the rubber tube will be at about the level of the top of the bomb. 
Thus, when the cover is placed in position with the fuse passing out 
through the opening, the end of the rubber tube is in contact with 
the lower side of the cover. When the detonator explodes, any 
tendency of the fuse to be blown out of the hole is checked by the © 
rubber tube. With this precaution the loss of sand is negligible. 
No such precaution is necessary in testing electric detonators, as the 
wires are not blown out of the small holes. 


TESTS OF STANDARD GRADES OF DETONATORS AND ELECTRIC 
DETONATORS. 


STANDARD CHARGES. 


Following are the weights of charges that have been regarded as 
standard charges for detonators and electric detonators containing 
the usual mercury fulminate and potassium chlorate. 
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Standard weight of charge in different grades of detonators.4 


Weight of charge. 
Grade No. 

Grams. Grains. 
0.30 4.6 
.40 6.2 

-54 8.3 

65 10.0 

- 80 12.3 

1.00 15.4 
1325 19.2 
1.50 23.1 

2. 00 30.9 


a Hall, Clarence, and Howell, S. P., Investigations of detonators and electric detonators: Bull. 59, Bureau 
of Mines, 1913, p. 14. 


In order to determine whether the sand test of detonators would 
differentiate between the various grades of commercial detonators 
made in this country, tests were made of samples of each grade on 
hand at the bureau’s Pittsburgh experiment station, and for com- 
parison the results of the sand test, the average weights of charge, 
and composition of the various samples were determined. The 
results of these tests are shown in the tables following. 


TEST OF DETONATORS CONTAINING APPROXIMATELY 90 PER 
CENT OF MERCURY FULMINATE AND 10 PER CENT OF POTAS- 
SIUM CHLORATE. 

NO. 3 DETONATORS. 


Twenty detonators were selected from a box of No. 3 detonators 
(M1296). ‘Ten of these were tested by the sand test. The remaining 
10 were used in determining the ‘‘average weight of charge” and in 
the analysis of the ‘‘composition” contained in the detonators. 
The results follow: 


Results of sand tests of No. 8 detonators, sample M1296. 


Feigt s S = 
Weight of sand finer than 30-mesh caught on Weight of Total 


: sand weight of 
Test No. es sand finer 
through than 30- 
40-mesh. 60-mesh. 80-mesh. | 100-mesh, | 100-mesh. mesh 
Grams. Grams. Grams. Grams. Grams. Grams. 
p rer ete rere cr are 3.47 4.10 2,26 .57 11,48 22, 
2 3.66 3.97 2.50 1.64 10.61 22.38 
3 4.11 3. 87 2,46 1.39 10. 26 22.09 
4 3.45 3.84 2.24 1.63 10. 66 21, 82 
5 3.67 3.75 2.27 1.56 9.94 21.19 
6 3.07 4.15 2.38 1.50 10. 27 21.37 
7 2.79 4.06 2.30 1.47 11.81 22.43 
8 2.94 4.23 2.42 1.60 12. 44 23. 63 
9 3.00 4.00 2.34 1.48 10.75 21.57 
1 2.77 3.91 2,22 1.46 10. 62 20.98 
AYVOFAGO cess os sdsceeses 3,29 3.99 2.34 1,53 10, 88 22.03 
Maximum variation from 
BYBLALUS. sais ccareaes tues tan esaesesecclsagiase dems fesen sevees cele causa eeabad [pe cees Ieee'ss | @1.60 


a 7,26 per cent of average, 
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Weight and composition of charge in No. 3 detonators, sample M1296. 


Composition of charge. 


Weight of 
Test No. 

: charge. | wercury | Potassium 
fulminate.| chlorate. 


4 


Grams. Percent. | Percent. 


1D, desis sine Svante asia’ ows cesiitese solecacelssaeasseee saps tereccen ens an - 5270 | F 
UBS sia Sead cape MESSER Aa Rs abcn'a vee Daily s ve keavVecsosnaraatesnee a4 - 5299 89. 56 10. 44 
WAS Somes eave ndutGlae ese aheesGe cd tee cadne eee ecade Sacewehecee and - 4871 
TBs o cccdecinceisaceetsqaleasans secebsovmecd stessecaa eed - 5054 
MG oe eee sees relates addicusss cede bacasoeserennenatat se -4617 
17.. +4742 
18. - 4873 89. 41 10. 59 
19. + 4533 
20. 5148 
AVQLARO acca ensidceent weess cise s saeles ac daaeen ec esaater ds where + 4953 89. 49 10.51 
Maximum variation from average. .... 2.2.2... 2.2.2 ee eee ee eeee @ ,0420 |....-.....-- 


@ 8.5 per cent of average. 


The maximum variation from the average total weight of sand 
pulverized finer than the original granulation (30-mesh) was 1.60 
grams, or 7.26 per cent of the average, whereas the corresponding 
maximum variation from the average weight of charge of the deto- 
nators was 8.5 per cent of the average. There was, therefore, an 
excellent agreement between the average weight of sand pulverized 
and the average charge in the detonators. 


NO. 4 DETONATORS. 


Five detonators from a box of No. 4 detonators (sample A) were 
tested by the sand test, and the weight of charge determined on six 
from the same box, the charge from two of these being analyzed. 


Results of sand tests of No. 4 detonators, sample A. 


Weight of sand finer than 30-mesh caught on— Weight Total 


eS ee ee, weight of 
Test No. ofsand | sand finer 
through than 
40-mesh. | 60-mesh. | 80-mesh. | 100-mesh. | 100-mesh. 30-mesh. 
Grams. Grams. Grams. Grams. Grams. Grams 
We ie§ cicceds sesaseae esis scares, 3.89 4.5 2.82 1.80 5.00 
Bunesdss 3.62 4.56 2.68 1.61 13.91 26. 38 
re 3.67 4.55 2.65 1.87 14.76 27.50 
Densssees 3.64 4.79 2.64 1.91 14.7 27.68 
Boresatecetacaceca 3.94 4.88 2.85 1.65 14.21 27.53 
Average. 3.75 4.67 2.73 1.77 14.52 27.44 
Maximum variation from 
BVOTE RS. au se vidsciopes aves |saescbe once dls ewe edsvseeslyss coesicesa| Kon sacssveve|eesacscabose 21.06 
@ 3.8 per cent of average. 
14297°—16 3 
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Weight and composition of charge in No. 4 detonators, sample A. 


Composition of charge. 


Weight of 
Test No. charge. 


Mercury | Potassium 
fulminate.| chlorate. 


ki pli Percent. | Percent. 
-6347 89. 22 10.78 


ESP PNe 


+6430 | 89.52 10. 48 


AVOTE RO. spout holes inns ness sede onde cegs carat dca sacigarssatesss +6358 89.37 10.63 
Maximum variation from average... .........2.- 02sec eee eee eee Wi OLIN so i ancaclcaecssenceve 


26.5 per cent of average. 


In this lot of No. 4 detonators, the maximum variation from the 
average of the five sand tests made was only 3.8 per cent, whereas the 
maximum variation in the weights of charge of six detonators was 6.5 
per cent of the average weight of charge. 


NO. 5 DETONATORS AND ELECTRIC DETONATORS. 


The tests of No. 5 detonators and electrio detonators included tests 
of four lots containing the usual mixture of approximately 90 per 
cent mercury fulminate and 10 per cent potassium chlorate, and 
two lots of electric detonators containing the same mixture, with a 
small priming charge of long-fiber guncotton. A limited supply of 
some of the lots made it impracticable to determine the weight of 
charge in more than three detonators. The results were as follows: 


Results of sand tests of No. 5 detonators, sample No. 178. 


Weight of sand finer than 30-mesh caught on— Total 
Weight | y, ight of 
= ofsand rare 
through | S00 umer 
60-mesh. | 80-mesh. | 100-mesh. | 100-mesh. 30-mesh. 
Grams. Grams Grams. Grams. Grams. 
Le 5. 35 7 1.97 14. 13 28. 45 
a5 5, 52 3.01 2.04 15. 06 30. 10 
3.. 5.12 2.74 1.89 14.09 28.00 
4.. 4, 68 3.01 2.14 14.50 28. 63 
5 5.31 3.10 1.58 14. 96 28.71 
6 5.47 2.91 2.05 14. 25 29. 62 
7 6.15 2.96 2.07 14, 51 29.00 
8 4.91 2.91 2.14 14.59 28.94 
9 5.08 3.02 1.84 13. 89 2. 23 
10 5.00 3.08 1,76 14.59 28. 66 
ott 5.16 2.95 1.95 14. 46 28. 83 
Msximum variation from 
BY OIBESS & gary cceg sais aid ene sac oniean fos zres seis oct heaarecsasstlexcpacce ayicals olexacsdeas @1,27 
| 


2 4.4 per cent of average. 


» Google 


TESTS OF STANDARD GRADES OF DETONATORS. 19 


Weight and composition of charge in No. 5 detonators, sample No. 178. 


Composition of charge. 
pak Potassium 
fulminate.| chlorate. 


Per cent, 


Test No. Weight of 


char, 


Per cent. 


11. 52 


47.8 per cent of average. 


Results of sand tests of No. 5 detonators, sample 178a. 


Weight of sand finer than 30-mesh caught on— 


Test No. sand finer 
through than 
40-mesh. | 60-mesh. | 80-mesh. | 100-mesh. | 100-mesh. 30-mesh. 
Grams. Grams. Grams. Grams. Grams. Grams. 
3.40 5.01 2. 60 1.59 14. 27. 32 
3.33 4.78 2. 81 1.80 15.18 27.91 
3.73 4. 88 2.72 1.61 15.17 28.11 
3.55 4.93 2.58 1.72 15.50 28. 28 
3.91 5.10 2.59 1.53 16.77 29.90 
4.10 5.24 2. 86 1.92 16.90 31.02 
Average.........--.....--- 3. 67 4.99 2.69 1.69 15.71 28. 75 
Staxiniuii variation from 
BVMNEG sos cioeccndasigs cpus sedsscwes las esenaned wilagsiaacesdesils stawadank pulaccessseecns 02.27 
@ 7.9 per cent of average. 


Weight and composition of charge of No. 5 detonators, sample 178a. 


Composition of charge. 
Weight of 
Test No. 
charge. | Mercury | Potassium 
fulminate. | chlorate. 


Grams. Percent. | Per cent. 
0. 6960 


6990 90. 02 9.98 

7530 
AVOLAROS 560s oa ci sae ness ants esenseseghnsee ooiee sae Tenet eaves «7160 90. 02 9. 98 
Maximum variation from av: TORO, esc ais cia died a aiinswatet Sede ane BOSON cdesastescelsecusseteews 


a 5.2 per cent of average. 
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Results of sand tests of No. 5 detonators, sample 178b. 


Weight of sand finer than 30-mesh caught on— 


Test No. 


through bear ra 
40-mesh. | 60-mesh. | 80-mesh. | 100-mesh. | 100-mesh. 30-mesh. 


Grams. Grams. Grams Grams. Grams. Grams. 
3. 63 4.89 2. 16. 07 29. 82 
3. 62 5.25 3.17 2.15 16. 45 30. 64 
3.43 4.94 3.10 2.14 15. 94 29. 55 
3.55 5.11 3.06 2.14 15.71 29. 57 
3.76 5.02 3.14 2.% 16.17 30. 33 
3. 60 5.05 3.01 2.09 16.53 30. 28 
AVOTARES 55 oda oases sees 508 3. 60 5.04 3.11 2.13 16.15 30. 03 
Maximum variation from 
BVOGORG. Sires sci cabeecesslciseenstaxes|s psgetes soe [behactess oa sla Saesceusseslsesecanceees 0.61 
@ 2 per cent of average. 
Weight and composition of charge of No. 5 detonators, sample 178b. 
Composition of charge. 


Weight of 


charge. Mercury | Potassium 
fulminate. | chiprate. 


Pi Scinse ives ebbeeeseee 0. $055 
Bi cues scones eesiete «7712 | 90. 85 9.15 
Osh Safa ctcuees geesdcr eet peasehesees +7278 

AVOARG  scsici cia coasages cheeses . «7682 90. 85 

Maximum variation from average 44 @, 0404 |... .....08.. 


a 5.3 per cent of average. 


Results of sand tests of No. 5 detonators, sample B. 


Weight of sand finer than 30-mesh caught on— Weight Total 


6t'sani weight of 
Test No. through sand finer 


40-mesh. | 60-mesh. | 80-mesh. | 100-mesh. | 100-mesh. 30-mesh 


Grams. Grams. Grams. Grams Grams. Grams. 
3.99 3.1 2.31 17 
4.51 4.62 3.35 1.59 17.60 31.67 
4. 46 5.24 3.17 1. 86 18. 64 33.37 
3.93 5.07 3.39 2.13 17.91 32. 43 
4.12 5.36 3.50 2.43 18. 21 33.62 
AVOrage.......-.2.-22.0055 4.20 5.16 3.32 2.06 17.89 32.63 
Maximum variation from 
MVOTB RG iss Secs cies easel access sese| Jag ge oane geal sess smensce ]sdaasenctedasleaaadsacaees 2,99 


@ 3 per cent of average. 
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Weight and composition of charge of No. 5 detonators, sample B. 


Composition of charge. 


Weight of 
Test No. haree: 


Mercury | Potassium 
fulminate. | chlorate. 


Percent. | Percent. 


89.61 10.39 
89.59 10. 41 
89.60 10. 40 


@ 5.5 per cent of average. 


Results of sand tests of No. 5 electric detonators, sample M34-C. 


Weight of sand finer than 30-mesh caught on— ‘otal 
Welght | weight of 
|] $$$ of sand 
Test No. through | 52 finer 


than 
40-mesh. | 60-mesh. | 80-mesh. | 100-mesh. | 100-mesh. 30-mesh. 


Grams. Grams. Grams. Grams. Grams. 

4.72 5.90 2.09 16.40 32.48 

5.00 5.51 2.16 15.32 31.44 

4.61 5.60 2.13 16. 82 32.75 

4.78 5.83 2.38 16.50 33.07 

4.98 5.88 2.22 16.78 33.25 

AVOREEO ic sse tse catoasset 4.82 5.74 2.19 16.36 32.60 
Maximum variation from 

MVOLRGG 2 os ce basdsei ts ave|sadecetcccvalores ses taess|scaasesantedlocstetdsoseulvessasesuens 21.16 


@ 3.6 per cent of average. 


Weight and composition of charge of No. 5 electric detonators, sample M34-C. 


Composition of deto- 
Weight of i 
Weight of | priming making CHAgS. 
Test No. detonating| charge 


charge. Mercury | Potassium 


(gun- 
cotton). | ryiminate. | chlorate. 


Grams. Percent. | Percent. 


Ont 90.09 9.91 


- 0292 90. 09 9.91 


@ 5.8 per cent of average. 
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Results of sand tests of No. 5 electric detonators, sample M1015. 


Weight of sand finer than 30-mesh caught on— 


Test No. 
40-mesh. | 60-mesh. | 80-mesh. 


Grams. Grams. Grams. 
3.88 6.17 3.47 
3.90 5.29 2.95 
3.48 5.57 3. 28 
3.43 5.21 3.05 
3. 68 5.56 3.16 
AVOPERO <5 5552.06 503555006 5.56 3.18 
Maximum variation from 
BVOLARO S253. cs5 ctcsa sess asesarounscelscssess ds sue]'sbsspxsasings|tecneeceasualss seenssSsas 


a 6.4 per cent of average. 


Weight and composition of charge of No. 5 electric detonators, sample M1015. 


Composition of deto- 
Weight i 
Weight of | of priming nating chergs. 
Test No. detonating] charge |—— 
charge. (gun- 


Mercury | Potassium 
cotton). | tulminate. | chlorate. 


Grams. Grams. 

OSs vende ante chant sel ted alteaeses cleesccesc esse aseesye ee 0.7100 0.0240 
aS 6595 +0140 |... 
6747 - 0280 |... 

6953 . 0270 

AVOTEROs 325553 seen tcab sc reiclarsctatsisiseteteasas - 6849 - 0230 

Maximum variation from average weight of total 
CUATRO. .ccicsackiss cacsiesse sedrascawesepncedea sean’ G.02GI [oc cctesccass|sseccessscoslsacesccuases 


@ 3.7 per cent of average. 


Following is a tabulation summarizing the results of the tests of 
various grades of No. 5 commercial detonators containing approxi- 
mately 90 per cent of mercury fulminate and 10 per cent of potassium 
chlorate: 


Summary of results of tests of No. 5 detonators and electric detonators containing 
approximately 90 per cent mercury fulminate and 10 per cent potassium chlorate. 


Maximum variation 
from average. 


aiveragt 
Average die 
Sample No. weight of Kin crbed Total 


charge. than Weight of weight of 


30-mesh. charge. sand finer 


than 

30-mesh. 

Grams. Percent. | Percent. 
28.8 7.8 4.4 
28.75 §.2 7.9 
30. 03 5.3 2.0 
32. 63 5.5 3.0 
32. 60 5.8 3.6 
32.54 3.7 6.4 
30. 90 5.5 4.6 


a Includes 0.0302 gram of guncotton priming charge. 
b Includes 0.0230 gram of guncotton priming charge. 
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The results tabulated above show that (1) for an average weight 
of charge of 0.7220 gram 30.90 grams of the standard sand was pul- 
verized to a finer granulation than 30-mesh, and this can therefore be 
taken as the average sand-test value for the No. 5 detonators tested; 
(2) the maximum percentage variation among the sand-test values 
is no greater than that among the weights of charge. 


NO. 6 DETONATORS AND ELECTRIO DETONATORS. 


The tests of No. 6 detonators and electric detonators included 
tests of three lots of ordinary detonators and three lots of electric 
detonators, all containing approximately 90 per cent of mercury 
fulminate and 10 per cent of potassium chlorate. The results of the 
tests are shown in the following tables: 


Results of sand tests of No. 6 detonators, sample C. 


t of = 
Weight of sand finer than 30-mesh caught on Weight Total 


weight of 
Test No. oes sand finer 
~ an 
40-mesh. | 60-mesh. | 80-mesh. | 100-mesh. | 100-mesh. 30-mesh. 
4.76 4 
4.38 F 
4.85 i 
4.65 ; 
4.88 ed 
AVOTARC. 6205.6 5n06sesse50 4.70 5.81 3.48 2.51 20.22 36. 72 
Maximum variation 
MONT BV GLARO se 6 5c oo5s | ioc s races seslsees aang ces] ecens sia geal exces eascdin|Sepdswessens 02.77 
a 7.5 per cent of average. 


Weight and composition of charge of No. 6 detonators, sample C. 


Composition of charge. 


Weight of 
charge. 


Test No. 
Mercury |Potassium 
fulminate.| chlorate. 


Percent. | Percent. 
89.75 10.25 
5 | 89.84 10. 16 
89. 80 10. 20 


@ 4.9 per cent of average. 
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Results of sand tests of No. 6 detonators, sample M1451. 


SAND TEST FOR DETERMINING STRENGTH OF DETONATORS. 


Weight of sand finer than 30-mesh caught on— Wei Total 

ales: eiahr weight of 

Test No. through | Sand finer 
40-mesh 60-mesh. | 80-mesh. | 100-mesh. | 100-mesh. Pepin 


a 4.2 per cont of average. 


Weight and composition of charge of No. 6 detonators, sample M1451. 


Composition of charge. 


Weight of 
Test No. 
charge. Mercury | Potassium 
fulminate. | chlorate. 
Percent. | Percent. 
89.90 10. 10 
5 90. 00 10.00 
AVOTERO. 55-02 2550 50550 ca hakst edisbepnedecveces etashonees cores +9136 89.95 10.05 
Maximum variation from average . GOBSG: |. cas seeceetslic esses wees 
a 8.8 per cent of average, 
Results of sand tests of No. 6 detonators, sample M1530. 
Weight of sand finer than 30-mesh caught on— 4 Total 
pe eight weight of 
Test No. through sand finer 
40-mesh. | 60-mesh. | 80-mesh. | 100-mesh. | 100-mesh. a oni 
Grams Grams. Grams. Grams. Grams. Grams. 
3.73 5.85 3.47 yey | 20. 31 35.57 
3.71 5.75 3.43 2,62 20.51 36. 02 
3.77 5.58 3.36 2.35 20.01 35.07 
4.27 6.09 3.53 2.24 19.7 35.83 
4.00 5.98 3.58 2.56 20. 80 36. 92 
3.90 5.85 3.47 2.39 20.27 35, 88 
EIRP a eseF esas AS se Pseie sow ee esi ne be seepee ap pacadesaced] sete amacncedasavecamacas o1,04 


a 2.9 per cent of average. 
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Weight and composition of charge of No. 6 detonators, sample M1530. 


Composition of charge. 


Weight of 


Test No. charge. 


Mercury | Potassium 
fulminate. | chlorate. 


Grams. Percent. | Percent. 


89.37 10.63 


AVOPORG U.S ss cdetcnd sees eRe hischessssed basasegt sbeseaess seeds -905 89. 37 10.(3 
Maximum variation from average .........-.... 02 ee eee eee eeee @ £0608 Jones sccecwes|iseecceceese 


6.3 per cent of average «. eight. 


Results of sand tests of No. 6 electric detonators, sample M1588-A. 


Weight of sand finer than 30-mesh caught on— Total 
Weight itht of 
oor] Ofsand Bk 1 He 9) 
Test No. through | S@n Uner 


40-mesh. | 60-mesh. | 80-mesh. | 100-mesh. | 100-mesh. 30-mesh. 


Grams. Grams Grams. Grams Grams. Grams. 

4.63 5. 3.30 1.8 18.94 34.17 

4.53 5.02 3.06 1.96 20.04 35. 21 

4.98 5.83 3.18 2.29 19.92 36.20 

4.05 5.46 3.24 1,93 19.21 34.49 

4.49 5.64 3.18 2.57 19. ¢3 35.51 

3.91 5.85 3.66 2.53 20.10 36.05 

ANBPERO Soo csscs -oSeaezs 4.53 5.5 3.27 2.18 19.64 35,27 
Maximum variation from 

BYOIBRO Lo 3 rosea he ice fad [cette bees gee lear upostadenlworsenicaatelessoweseeaeapeacesh ee hes 21.10 


a 3.1 per cent of average. 


Weight and composition of charge of No. 6 electric detonators, sample M1588-A. 


Composition of charge. 


Weight of 
Test No. 

charge. | Mercury | Potassium 
fulminate. | chlorate. 


Grams. Per cent. Per cent. 
0. 9836 


Bisa in's asin cine belteacleereg sia Kaasels ad Sesare scree sdavis Cablaveas Sanevews sass . 9874 
Dre cpa ue a Sac meas baieSape sob we Fess edb Fac sk Sig gen’ seinem rea casips HOha- ses 9873 89.75 10. 25 
LOS 58s ot tasUavarecosesisn esr aveicen aepeqas act neosasieesys cee eeeers 9851 
Bw dab ne tacees ce sceet pac oscine cae ee EGS RSs Shea easeaee Boewoaws anes + 9807 89. 68 10. 32 
Mee ice cae 's seca gaicess 3525002500 sIAa Aw Ga PEAS VeetG eens WaQemee esses .9714 89. 42 10.58 
AO wikio aa Qaelns ade ca dicleneed 655.2 kee a Ebon tek esienditcalaasees se horere 1.0127 89. 25 10.75 
Das sos Pecan hs sacs snnceceledeeentiesskhesee nie Sesere pee sees seRaehes 1.0131 
Le ere aCe Se eee heer ct crite eerie - 9357 89. 48 10.52 
IGS suede pans 2a dePec sana sdekeridscacatls esas eankisaceowe pie seaebesaes 1.0025 

AV ORS ED so as 2 Fo Ios, 855 aes So. sca ea pubs ccuios Duos ees descend -9910 89.52 10. 48 

Maximum variation from average .........2.. cece sees eee eee eens GsO22L se cy ssacteceslasevssceaate 

@ 2.2 per cent of average. 
14297°—16——4 


» Google PRINCETON 


26 


SAND TEST FOR DETERMINING STRENGTH OF DETONATORS. 


Results of sand tests of No. 6 electric detonators, sample M1480. 
Weight of sand finer than 30-mesh caught on— Total 
= . yee weight of 
Test No. thraueh | Sand finer 
B than 
40-mesh. | 60-mesh. | 80-mesh. | 100-mesh. | 100-mesh. | 99 noch. 
Grams. 
38. 61 
38. 45 
38. 04 
38.37 
a.24 


2 0.6 per cent of average. 


Weight and composition of charge of No. 6 electric detonators, sample M1480. 


Composition of charge. 
Weight of 
Test No. 
charge. | Mercury | Potassium 
fulminate. | chlorate. 
giro Per cent. Per cent. 
Ws Sb cidacncns ndaeasch es tahoe G Soden se5 shen tatceesdaasnc veces eewebay - 02 
| Rae is tae ae ae en A Se SS cates PR, Seen 1.0516 88.70 11.30 
hd 8: PRT TS IO Ce ECO OE Beret per TT PME LOR Cer err Se 1.0359 88.70 11.30 
Maximum variation from average............. cece ee eee eee eee BOLT sses6 Stsecehencnds cance 
@ 1.5 per cent of average. 
Results of sand tests of No. 6 electric detonators, sample M1588. 
Weight of sand finer than 30-mesh caught on— Weight Pra 
ofsand eight of 
Test No. through wi finer 
tha 
40-mesh. | 60-mesh. | 80-mesh. | 100-mesh. | 100-mesh. | gq nugh. 
Grams. Grams. Grams. Grams. Grams. Grams. 
1 ee 4. 87 5.59 3.41 2.27 21.24 7. 38 
a: 6.11 5.11 3.36 2. 28 21.50 37.36 
3. 5.07 5. 67 3.51 2.59 21.03 37.87 
4. 6.15 5.65 3.48 2. 32 22.10 38.70 
Average............-- was 5. 04 5.50 3.44 2.38 21.47 37. 83 
Maximum variation from 
DV GLARGs fecha was cine we |e coe ee Bede neladaalananaas|Sauack spake vaeayenvastalearageasesaa a, 87 


o 2.3 per cent of average. 


Weight and composition of charge of No. 6 electric detonators, 


sample M1588. 


Weight of 


Test No. charge. 


Composition of charge, 


Mercury | Potassium 
fulminate. 


chlorate. 


Average. .......- Gag sle'eggulesk Gan sis ensi dense da epuNiasesieewiaee? 
Maximum variation from average... 


S }.4 per cent of average. 
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Summary of results obtained with No. 6 detonators and electric detonators containing 
approximately 90 per cent mercury fulminate and 10 per cent potassium chlorate. 


Maximum variation 
Ave from average. 
tota 
Average | weight of 
Sample. weight of | sand finer Weight of 


charge. than 30- Weight of = finer 


sand test. | CD8r8®- | mesh after 


sand test. 

Grams. Percent. | Percent. 
© sade cabs cddiee tia Pathe ri oe Seo ek sess Fosgceewsedhoee see 36. 72 4.9 7.5 
M1451... 35. 58 8.8 4.2 
M1530 35. 88 6.3 2.9 
M1588 35. 27 2.2 3.1 
M1480 38. 37 1.5 6 
M15s8 37. 83 1.4 2.3 
AVQIOGOKG «iiss iobducetacdisessasseesesseceetceoons 36. 61 4.2 3.4 


The results of the tests of the No. 6 detonators and electric deto- 
nators show an average weight of charge of 0.9842 gram and an 
average weight of 36.61 grams of the standard sand pulverized to a 
finor granulation than 30-mesh after the sand test. 

Again, in these tests the average percentage of maximum variations 
in the weights of charge are slightly greater than that of the weights 
of sand pulverized finer than 30-mesh. 


NO. 7 DETONATORS AND ELECTRIC DETONATORS. 


Three lots of No. 7 detonators and electric detonators were tested, 
one lot consisting of ordinary detonators, the other two being electric 
detonators. All contained 90 per cent of mercury fulminate and 10 
per cent of potassium chlorate. The results of the tests are given in 
the following tables: 


Results of sand test of No. 7 detonators, sample M54. 


Weight of sand finer than 30-mesh caught on— Total 
aycleks weight of 
Test No. through | 582 finer 
40-mesh. | 60-mesh. | 80-mesh. | 100-mesh. | 100-mesh. Be 
Grams. Grams. Grams. Grams. Grams. Grams. 
5.11 7.19 4,77 2.80 27.98 47. 85 
4.69 7.00 4.37 3.39 27.14 46. 59 
4.31 7.11 4. 38 3.18 28. 74 47.72 
5. 02 7.11 4.49 3. 23 26. 73 46. 58 
4.56 7. 22 3.81 2. 68 27. 98 46. 25 
rag 4.74 7.09 4. 36 3.06 27.71 46. 96 
Maximum variation from 
RVCFOZG cs cenccstaansss|ce ces esac datlegatasedtnes|esees cbeseueleses os cesenel sees cee dene a, 89 


@ 2 per cent of average. 
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Weight and composition of charge of No. 7 detonators, sample M54. 


Composition of charge. 


Weight of —_—_—_—_—— 
Test No. 

charge. | Mercury | Potassium 
fulminate.| chlorate. 


Average 
Maximum variation from averag 


22.8 per cent of average. 


Results of sand tests of No. 7 electric detonators, sample M1595. 


Weight of sand finer than 30-mesh caught on— Weizht Total 
SS ee | kta weight of 
Test No. through sand finer 
40-mesh. | 60-mesh. | 80-mesh. | 100-mesh. | 100-mesh. soak 
Grams. Grams. Grams. Grams. Grams. Grams. 
Go csedicaee ce 6. 38 7.32 3. 83 2.89 5.5 45. 
2. 6. 28 7.07 4.79 2. 63 25. 78 46. 55 
3.. 5. 63 6.38 4.18 3.47 24. 43 44.09 
4.. 6. 13 7.20 3.82 3.04 26. 04 46. 23 
Bh 5. 62 7.48 5.00 2. 51 24. 40 45. 01 
G.: 5.44 7.14 4.08 2.95 26. 42 46. 03 
ene 6. 02 6.91 3. 89 2. 62 27.44 46. 88 
8.. 5. 66 7.52 4.26 2.68 | 27. 60 47.72 
9.5 6.17 6. 86 4.50 1.98 27. 63 47.14 
10 6.45 6.73 4.52 2.30 27.75 47.75 
IA VOTABOC. wins ace se sdscneea- 5.98 7.06 4.29 2.70 26. 30 46. 33 
Maximum variation from | 
average a2,24 


a 4.8 per cent of average. 


Weight and composition of charge of No. 7 electric detonators, sample M1595. 


Composition of charge. 
Weight of Weight ‘of’ |. = — — 


guncotton 
charge. primer, Mercury | Potassium 


fulminate. | chlorate. 


Test No. 


Grams. Per cent. Per cent. 


a 4.2 per cent of total charge. 
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Results of sand test of No. 7 electric detonators, sample M1528. 


Wi _— 
eight of sand finer than 30-mesh caught on Weight Total 


ee weight of 
Test No. Aieeek ea ad 
40-mesh. | 60-mesh. | 80-mesh. | 100-mesh. } 100-mesh. 30-mesh. 
Grams. Grams. Grams. Grams. Grams. Grams. 
1.. 6.36 7.65 4.71 2.95 25. 59 47.26 
2 5. 87 7.44 4.48 2.51 29.02 49.32 
3 6. 26 6.77 4.39 2.85 27.07 47.34 
4.. 5.81 6.85 4.28 2.48 20. 03 48.81 
Average.......-.-..20.000e 6.07 7.18 4.46 2.79 27. 68 48.18 
Maximum variation from 
SYVCOGO odes rie scig pada sda ta Sases| £5 pas cepmae ian sababeses|acsaeaeweres|Kesmeeweuees, @1.14 
@ 2.4 per cent of average. 
Weight and composition of charge of No. 7 electric detonators, M1523. 
Compete of deto- 
Weight of nating charge. 
Weight of 
Test No. detonating eine i 
charge. charge. Merc Potassium 
fulminate. | chlorate. 
Grams. Grams. Per cent. Per cent. 
5.. 1.4766 0.0242 
6.. 1.3954 + 0235 89.74 10. 26 
7.. 1.3259 0217 
AVOREROs<5.<'f3az0ceuave dete ethcectestvesseaciceaeee 1.3993 MODI woe esievens eeatcevisae' 
Maximum variation from average weight of charge.|.........-.. GLOTES [acdc cavectios|osemcsvecssic 


a 5.5 per cent of average. 


Summary of results of tests of No. 7 detonators and electric detonators. 


Average 
Average Eats meg weight of | Maximum 
Sample weight of | fom aver- | Sand finer | variation 
‘ total age weight ay af from 
mesh after | average. 
of charge. | sand test. 
Grams. Per cent Grams. Per cent. 
M54 (detonators 1.4 2.8 46.96 2.0 
M1595 (electric detonators) 1. 4352 4.2 46.33 4.8 
M1523 (electric detonators) . 1.4225 5.5 48.18 2.4 
AVOUVABR. 35 os55ie5acedessceaccsesscgastaessasarees 1.4377 4.2 47.16 3.1 


NO 8 ELECTRIC DETONATORS. 


Only one lot of No. 8 electric detonators, containing approximately 
90 per cent of mercury fulminate and 10 per cent of potassium 
chlorate, was available for test. The results of tests of this lot follow. 
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Results of sand tests of No. 8 electric detonators, sample M1562. 


Weight of sand finer than 30-mesh caught on— | weight | Total, 
Test No. Sh SE iter od mene. finer 
. than 
40-mesh. | 60-mesh. | 80-mesh. | 100-mesh. | 100-mesh. 30-mesh 
Grams. Grams. Grams. Grams. Grams. 
8.00 4.66 3.88 33.01 54.43 
7.70 4.83 2.7, 32. 80 53.00 
7.91 4.88 3.46 33. 68 55.14 
7.85 5.11 3.14 32.79 54. 26 
8.01 4.65 2.99 34.19 54.20 
8.34 4.57 3.18 33.81 55. 85 
7.20 4.85 3.19 33.46 54. 82 
7.86 4.79 3.23 33.39 54.53 
VEGuasbeee ates estistsncawsta ce tae eearsweal tenemits shoe sk stnda sa asleaes sane pass 01.53 
@ 2.8 per cent of average. 


Weight and composition of charge of No. 8 electric detonators, sample M1562. 


Composition of charge. 
Weight of 
Test No. _————— 
charge. | yfercury | Potassium 


fulminate. | chlorate. 


rere. Percent. | Percent. 


AVOFA GG Fo ones cis chs 50s sass eles Shea e sien -Seesedsscccigsw! 1.8345 89. 42 10.58 
a, 


a 2.5 per cent of average. 


As shown by the tables, the one lot of No. 8 detonators tested 
contained an average charge of 1.8345 grams and in the sand tests 
an average of 54.53 grams of standard sand was pulverized finer 
than 30 mesh. The 2.8 per cent variation in the weight of sand 
pulverized in sand tests agrees well with the 2.5 per cent variation 
in the weight of charge. 


NO. 10 DETONATORS. 


The one lot of No. 10 detonators tested containing the 90:10 
composition gave the following results: 


Results of sand tests of No. 10 detonators, sample M1665. 


Weight of sand finer than 30 mesh caught on— Weight Be 
Test No. eee ap sand finer 


through F 
40 mesh, | 60 mesh. | 80 mesh. | 100 mesh. | 100 mesh, | 42,30 


mesh 
Grams. Grams Grams. Grams. Grams. Grams. 
1. 6.42 8.9) 5.88 4.39 43.16 68. 84 
2. 5.25 8.35 5.62 4.04 44.35 67.61 
3. 5.58 8.92 5.71 5.55 42.00 67.82 
4. 6.31 8.28 6.24 3.86 45.16 68. 85 
5. 5.56 8.92 6.16 3.57 45.97 70.18 
6 5.39 8.87 5.95 4.00 44.94 69.15 
AVCTARO... 505 ccsceecezans 5.58 8.72 5.94 4.24 44.26 68.74 


a 2.1 per cent of the average. 
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Weight and composition of charge of No. 10 detonators, sample 1665. 


Composition of charge. 


Test No. Weight of 


8e- | Mercury | Potassium 
fulminate. | chlorate. 


Grams. Percent. | Percent. 


2.8240 . 
2.9058 

2. 8555 87.31 12.69 
2.8912 

2.8091 87.31 12.69 
BLORSL oss ceccapeds|casesssevess 


@ 1.6 per cent of the average. 


In the sand tests of this sample of No. 10 detonators, with an 
average weight of 2.8691 grams of charge, an average of 68.74 grams 
of standard sand was pulverized finer than 30 mesh. The maxi- 
mum variation from the average quantity of sand pulverized, 2.1 
per cent, is only slightly greater than the variation from the average 
weight of charge, 1.6 per cent. 


SUMMARY. 


The results of the tests of commercial detonators and electric 
detonators containing approximately 90 per cent of mercury ful- 
minate and 10 per cent of potassium chlorate are summarized in 
the following table: 


Average results of sand tests of commercial detonators and electric detonators. 


Total number of deto- Average maximum 


nators tested. variation in— 
Average 
Nines ot weight of | Average 
Grade No. 4 sand finer | weight of > 
lots tested. than 30- char Weight of 
Sand test Weight of mesh. Be. | sand ner Weight of 
2 charge. “pas than 30- charge. 
mesh. 
Grams. Grams. Per cent. Per cent. 
Bost 1 10 10 22.03 0. 4953 7.3 8.5 
4... 1 5 6 27.44 + 6358 3.8 6.5 
5... 6 35 36 30. 90 7220 4.6 5.5 
63... 6 28 31 36. 61 9842 3.4 4.2 
7. . 3 19 19 47.16 1.4377 3.1 4.2 
8... 1 7 5 54. 53 1.8345 2.8 2.5 
10 1 6 4 68. 74 2. 8691 21 1.6 


The results justify the conclusions (1) that the total weight of sand 
granulated to a finer degree than 30-mesh bears a definite relation 
to the weight of charge; (2) that the variation in the quantity of 
sand pulverized finer than 30-mesh agrees well with the variations 
in the weight of charge. 

The definite relation between the weight of charge and the total 
weight of sand pulverized is plainly shown by plotting the average 
weights of charge in the various grades of detonators as abscissas 
and the total weights of sand pulverized to a finer granulation than 
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30 mesh as ordinates. The seven points thus obtained from the 
results of the tests outlined lie approximately on a regular curve as 
shown in figure 2. 


TESTS OF COMMERCIAL DETONATORS CONTAINING APPROXI- 
MATELY 80 PER CENT OF MERCURY FULMINATE AND 20 PER 
CENT OF POTASSIUM CHLORATE. 

In order to ascertain the effect of an increase in the percentage of 
potassium chlorate and a corresponding decrease in the mercury ful- 
minate content of the charge, tests were made of samples of a few lots 
of detonators that contained the 80:20 composition now employed 
by some manufacturers of detonators. 

Two lots of No. 6 detonators, two lots of No. 6 electric detonators, 
and one lot of No. 8 detonators were tested. The results of the tests 
are shown in the following table: 


Results of sand tests of detonators and electric detonators containing a panes 80 per 


cent of mercury fulminate and 20 per cent of potassium chlorate. 
Weight of sand pulverized fner than 30-mesh in bei raged 
test No.— charge. 
, Aver. 
Designa- 
Grats ae ess oF f 
7 sample. Aver- 
2 3 4 5 
age. 


Grams.| Grams.| Grams. | Grams,| Grams.| Grams. 
No. 6 detonator...] X....... 36.49 | 3444] 35.38] 34.75 |........ 35. 27 
325... 7.76 | 38.91 36.60 | 38.62] 36.47] 37.67 
No. 6electric deto- | M1673...| 37.14 | 37.54 | 37.24] 38.14] 39.03] 37.82 


nator. 

No. 6electric deto- | M1325X..| 36.21 | 40.72 |........[...--.0-]-ece eee 38. 47 
nator. 

No. 8 detonator. ..} M1661...) 59.73 | 59.70] 59.97] 60.70 ]........ 60. 03 


The average weight of charge of the No. 6 detonators and electric 
detonators was 0.9221 gram, and the average weight of sand pul- 
verized finer than 30 mesh was 37.31 grams. The No. 8 detonators 
contained an average weight of charge of 1.9751 grams. In the 
sand test 60.03 grams of standard sand was pulverized finer than 
30 mesh. If these results are plotted on the curve (fig. 2) obtained 
from the average results of sand tests of detonators containing the 
90:10 composition, the resulting points, with one exception, lie above 
the curve shown in figure 2. 

In figure 3, part of the curve shown in figure 2 is reproduced, and the 
average results of the tests of the detonators and electric detonators 
having the 80:20 composition are indicated. 

The tests having indicated that the 80:20 mixture of fulminate 
and chlorate produces greater effects than an equal weight of the 
90:10 mixture, it was considered advisable to make a more complete 
investigation of the relative effects produced by mixtures contain- 
ing different proportions of the two ingredients, the results being 
compared with the effect of mercury fulminate alone, 
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RELATIVE STRENGTHS OF MERCURY FULMINATE AND ITS 
MIXTURES WITH POTASSIUM CHLORATE. 


Many conflicting statements regarding the effect of adding potas- 
sium chlorate to mercury fulminate on its efficiency as a detonator 
are found in the literature. 
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Tlagen®? states that the addition of potassium chlorate increases 
the calorific effect and the gas pressure, and thereby the efficiency 
of the detonator. 


@ Hagen, O., Ueber Zundsatzfabrication: Ztschr. gesamte Schiess- und Sprengstoffwesen, vol. 6, 1912, 
pp. 201, 224, 243. 
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Gody ? states that the pressure of a mixture of fulminate and 
chlorate is greater than that of fulminate alone, but that the initial 
shock is lessened by such addition. 

According to Chalon?® the addition of potassium chlorate to 
mercury fulminate lowers its brisance, or, in other words, moderates 
the violence of the shock resulting on explosion, although it increases 
the amount of heet evolved. 

Weaver states that the addition of oxidizing substances like 
potassium chlorate serves to increase the heat, both because the 
chlorate is endothermic and because the oxygen it supplies serves 
to burn the CO of the products of combustion of mercury fulminate 
to CO,, and thus still further increases the heat. 

Daniel? claims that 5 to 20 per cent of potassium chlorate added 
to mercury fulminate renders its action as a detonator more efficient. 

Wohler¢ states that the addition of chlorate gives a greater total 
energy but a lower velocity of detonation, and similar views are 
expressed by Berthelot, these authorities being of the opinion that 
the velocity of detonation exerts the greatest influence on the effi- 
ciency of a detonating substance. 

Thus, although many authorities concede that the addition of 
potassium chlorate to mercury fulminate probably results in a lower- 
ing of the detonating efficiency, others hold a different opinion. 


THEORETICAL CONSTANTS OF MERCURY FULMINATE AND ITS 
MIXTURES. 


A consideration of the theoretical constants calculated for mercury 
fulminate and its various mixtures with potassium chlorate leads to 
no definite conclusions in the matter. The volume of the gases of 
explosion, the amount of heat liberated, and the temperature of 
explosion have been calculated for (1) mercury fulminate, (2) a 
mixture of 90 per cent of mercury fulminate, and 10 per cent of 
potassium chlorate, (3) a mixture of 80 per cent of mercury fulmi- 
nate and 20 per cent of potassium chlorate, and (4) a mixture of 77.66 
per cent of mercury fulminate and 22.34 per cent of potassium 
chlorate. 

The explosive reactions of these different detonating compositions 
are assumed to be as follows, the numbers in parentheses correspond- 
ing to those above. 


a Gody, L., Traité théorique et pratique des matitres explosives, 1907, p. 283. 

6 Chalon, P. F., Les explosifs modernes, 1911, p. 100. 

¢ Weaver, E. M., Notes on military explosives, 1910, p. 171. 

4 Daniel, J., Dictionnaire des matiéres explosives, 1902, p. 193. 

e Wohler, L., Ueber Initialziindungen: Ztschr. angew. Chem., Jahrg. 24, 1911, pp. 2089-2099. 
/ Berthelot, M., Explosives and their power, 1892, p. 298 (translation by Hake and Macnab). 
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(1) HgC,N,0,=Hg+2CO+N, 
(2) 3.875HgC,N,0,+KC10O,=KC1+3.875Hg+2.99C0, 
+4.76C0+3.875N, 
(3) 1.722HgC,N,0,+KC10O,=KCl+1.722Hg+3C0,+0. 444C0 
41.722N, 
(4) 1.5HgC,N,0,+KC10,=KC1+1.5Hg+3C0,41.5N, 


By calculation from these equations the following values were 


obtained : ; 
Calculated constants. 


Volume 
nk Heat Explosion 
Composi- | of gases of are 
~ evolved tempera- 
tion ‘No. explosion (Q). Qire: 
C. cc. per Calories 
gram. ba tt be On 
1 314.8 2.0 4139 
2 283.3 500.0 SASS 
3 251.8 639.0 3780 
4 244.6 671.3 3760 


The following values were used in calculating the constants tabu- 


lated above : 
Values used in calculating constants. 


Element or Specific heat (constant 

compound. volume). Authority. 

co, 6.26+0.0037¢ Mallard and Le Chatelier.¢ 
co 4.80-+0.00062 Mallard and Le Chatelier.¢ 
N, 4.80+0.0006¢ Mallard and Le Chatelier.¢ 
Hg (gaseous) 3.00 Lewis and Randall. 

Hg (liquid) (200 0.033)=6.60 Gody.¢ 

KCl 12.74+0.0002¢ Kopp..@ 

Element or 

compound, Heat of formation. Authority. 

HgC,N,0, — 62,900 Berthelot. ¢ 

KC10, + 95,800 Thomsen. f 

KCl +105,600 Thomsen. f 

CO, + 94,300 Berthelot.g 

co + 26,100 Berthelot.9 


Volume of 1 gas molecule at 0° C. and 760 mm., 22.4 liters. 

Correction for each gas molecule to constant volume, 545 calories. 

Molecular heat of volatilization of mercury at its boiling point (358° C.), 13,000 
calories. 


a Mallard and Le Chatelier, Sur les chaleurs spécifiques des gaz aux températures élévés; Compt. rend. 
t. 93, 1881, p. 1014. 

b Lewis, G. N. and Randall, M., Summary of the specific heats of gases: Jour. Am, Chem. Soc., vol. 34, 
1912, p. 1128 

¢ Gody, L., Traité théorique et pratique des matierés explosives, 1907, p. 215. 

é@ Kopp, Hermann, Ueber die specifische Wirme der starren Kérper: Annalen der Chem. u. Pharm., 
Suppl. 3, 1864-65, p. 289. 

¢ Landolt and Bérnstein, Physikalisch-chemische Tabellen, 1912, p. 870 (M. Berthelot). 

J Landolt and Bornstein, Physikalisch-chemische Tabellen, 1912, p. 860 (J. Thomsen). 

g Landolt and Bérnstein, Physikalisch-chemische Tabellen, 1912, p. 855 (M. Berthelot). 

h Landolt and Bornstein, Physikalisch-chemische Tabellen, 1912, p. 223 (Person and Kurbatoff). 
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The calculated values shown in the table on page 36 show that the 
addition of potassium chlorate to mercury fulminate in quantities 
up to the amount required for complete combustion of the carbon 
to CO, (composition 4) causes a decrease in the volume of gas evolved 
on explosion, accompanied by a marked increase in the amount of 
. heat liberated per gram of explosive. In spite of this relatively great 
increase in the heat evolved, the resulting temperature of explosion 
is slightly lowered by the addition of the chlorate, because of the 
increased specific heat of the products of explosion. 


RELATION OF RATE OF DETONATION OF INITIAL DETONATORS. 


It is generally assumed that a high rate of detonation is an essen- 
tial property of an initial detonator, and, as noted above, various 
authorities claim that the addition of potassium chlorate to mercury 
fulminate gives a weaker detonator because the rate of detonation 
of the mixture is lower than that of the pure fulminate. The writers 
have no knowledge of the existence of any experimental comparisons 
of the rates of detonation of mercury fulminate alone and in admix- 
ture with potassium chlorate, and even were the results of such deter- 
minations available it would be impossible to draw definite conclu- 
sions as to the assumption mentioned. For example, many explo- 
sives having much higher rates of detonation than mercury fulminate 
do not possess to any degree the property of initiating the explosion 
of other high explosives. Blasting gelatin, containing approximately 
93 per cent of nitroglycerin and 7 per cent of nitrocellulose, was found 
by Bichel ¢ to have a rate of detonation of 7,700 meters per second, 
whereas he obtained only 3,920 meters per second for mercury fulmi- 
nate. Nitroglycerin has been found to detonate at a velocity of over 
7,000 meters per second,’ its temperature of detonation has been 
calculated as 3,155° C., and the heat liberated bv its explosion is 
1,468 calories per gram. ¢ 

In spite of the fact that these explosives are far superior to mercury 
fulminate in rate of detonation and evolution of total energy, they 
have not the properties that fit them for use as initial detonators, 
whatever such requirements may be. 


a Bichel, C. E., Ueber Ziindungen von Sprengstoffen: Gliickauf, Jahrg. 40, 1904, p. 1043, and Jahrg, 41, 
1905, p. 1195. 

> Comey, A. M., and Holmes, F. B., Method for the determination of the effective strength of high explo- 
sives: Proc. 8th Int. Cong. Appl. Chem., vol. 25, 1912, p. 220. 

¢ Hall, Clarence, Snelling, W. D., and Howell, 8. P., Investigations of explosives used in coal mines: 
Bull. 15, Bureau of Mines, 1912, p. 31. 
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PHYSICAL CHARACTERISTICS OF MERCURY FULMINATE AND LEAD 
NITRIDE. 


A comparison of the physical characteristics of detonating sub- 
stances of different nature also fails to throw light on the question. 
If, for example, mercury fulminate be compared with lead hydro- 
nitride (commonly known as lead nitride or lead azide, PbN,), the 
natural conclusion is that the former should be superior as a detonator. 
Stettbacher @ gives the following comparative values: 


Comparison of physical characteristics of mercury fulminate and lead nitride. 


fulminate. nitride. 
Heat evolved, calories per gram.........----.+2+e-e-0 397 364 
Explosion temperature, °C. .........-. eee eee cere eee 3, 594 3, 483 
Explosion pressure, kilograms per square centimeter... Infinite. 96, 080 
Work density, kilogram meters per cubic centimeter... 152.15 98. 96 
Density of charge, grams per cubic centimeter......... 3. 298 3.01 


The above comparison is in every respect favorable to mercury 
fulminate. However, practical tests of these two detonating sub- 
stances have shown that mercury fulminate is much inferior to lead 
nitride as regards capacity for initiating the detonation of certain of 
the nitrosubstitution compounds. The results tabulated below are 
quoted by Stettbacher® as having been obtained by Martin * in a 
determination of the minimum charges of initial detonators required 
to completely detonate 0.5-gram charges of the nitrosubstitution 
compounds, the combined charge being compressed at a pressure of 
1,100 kilograms per square centimeter in the so-called reinforced 
detonators. 


Comparison of detonating efficiencies of mercury fulminate and lead nitride. 


Minimum charge of initial detonator, giving com- 
plete detonation of— 


Initial detonator. 


Tetrani- ‘ 5 
>. Trinitro- | Trinitro- 
comets Picricacid. toluene. anisol, 
Grams. Grams Grams. Grams 
Meteurty fulinitiates cats Asecstaacocccne sees cacaeese Wy 0.3 0. 36 0.37 
PiGad Nitrid@s ssc feces cesctasiessccacy wobctescesecctsaes +025 +025 -09 


These results show the marked superiority of lead nitride over 
mercury fulminate as an initial detonator, and demonstrate the im- 
possibility of drawing definite conclusions from a comparison of 
calculated values such as those discussed above. 

@ Stettbacher, A., Altes und neues iiber Initialziindungen: Ztschr. gesamte Schiess- und Sprengstoff- 
wesen, vol. 9, 1914, p. 341. 


b Stettbacher, A., Loc. cit. 
¢ Martin, —, Uber Azide und Fulminate, pp. 41-44. 
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COMPARISON TESTS OF RATE OF DETONATION OF PRIMING 
COMPOSITION. 


PROCEDURE IN TESTS. 


In view of the difficulties connected with exact determinations 
of the rate of detonation of priming compositions, simple compari- 
son tests were made with a view to showing in some measure the 
relative rates of detonation of different compositions. In these 
tests a small definite weight of a detonator composition was placed 
in a small glass test tube, without stopper, and heated rapidly over 
a small flame until it exploded, when observation was made as to 
whether the tube had been broken by the explosion. The test tubes 
were about 7.5 cm. long and 1 cm. in diameter, of thin glass, and 
approximately uniform as to size and weight. The tests were 
conducted in a special protecting cabinet, each tube being fastened in 
a loose clamp on an iron stand and drawn directly over the flame of 
a burner by means of a string attached to the clamp. In this manner 
danger from flying glass was avoided. 

By varying the weights of the different compositions tested, it 
was found that the different compositions could be graded as to their 
shattering effects. 

RESULTS OF TESTS. 

The results of the tests are shown below. 


Results of tests of shattering effect of mercury fulminate and of mixtures of fulminate and 


chlorate. 
Charge. Weight of charge (grams). 
0.04 0.05 0.06 0.07 
Num- Num- Num- Num- 
Constituent. Per | Num- | ber of | NY™ | per of | NY™ | ber of | N°™ | hor of 
eent.| ber of | 5; ber of | ;; ber of | ;; ber of 
times | times times | times | times | times | times times 
tube wuhe tube five tube oly tube oe 
broken. broken broken. broken. broken. broken: broken. broken: 
eres, sereianee paws dats wae’ = paa'stsnwalleacasions 2 8 5 5 10 0 
ercury fulminate.... oa 

Potassium chlorate... 10 0 10 7 3 9 T ]esseesee[eeeeeeee 

Mercury fulminate.... sc.) \ #80 2 8 9 1 
Potassium chlorate............ 2 1t| Ia Ma | De” | || i bo) ba ak alk ala 


COMMENTS ON RESULTS. 


The results show that 0.05 gram of pure mercury fulminate caused 
the tubes to be broken in only 20 per cent of the trials, and 0.06 gram 
in 50 per cent of the trials; 0.04 gram of the 90:10 composition 
failed to break the tubes in all trials, but 0.05 gram broke the tubes 
in 70 per cent of the trials, and 0.06 gram in 90 per cent of the trials; 
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the 80:20 composition showed the greatest effects, 0.04 gram shatter- 
ing the tubes in 20 per cent, and 0.05 gram in 90 per cent of the 
trials. 

The particular property of detonating compositions on which 
shattering effect depends appears to be its initial rate of detonation. 
The effect is purely local, just as the action of a detonator on a sec- 
ondary explosive is entirely local, the detonator initiating the explo- 
sion of that part of the explosive charge immediately surrounding it, 
and the rate of detonation of the remainder of the explosive charge 
being dependent on characteristics of the explosive itself as well as 
on the effectiveness or violence of the initial force of the detonator. 

The results of the tests represented in the table are entirely con- 
firmatory of the results of the sand tests in which the chlorate mix- 
tures, especially the 80:20 composition were shown to be superior to 
pure mercury fulminate, both in effectiveness in crushing sand and 
in effectiveness in causing complete detonation of various nitrosub- 
stitution compounds. 

A few tests made with lead nitride, to determine its shattering 
effects for comparison with those of the fulminate compositions, 
showed that an amount of lead nitride as small as 0.01 gram would 
invariably shatter the tube completely, whereas even 0.001 gram in 
every trial drove the bottom out of the tube. These results corre- 
spond with those obtained by other investigators (see p. 38) and con- 
firmed by the writers, which showed that priming charges of even 
0.025 gram of lead nitride were capable of bringing about complete 
detonation of certain nitrocompounds in reinforced detonators, as 
compared with the much larger amounts of fulminate compositions 
required to produce the same result. 

The writers believe that the efficiency of detonating compositions 
in bringing about the complete detonation of secondary explosives 
depends on some property or combination of properties that has not 
been successfully determined or measured, and that the initial rate 
of detonation of the priming composition is one of the factors of 
greatest importance. It is furthermore likely that this initial rate 
of detonation is much greater than the rate of detonation determined 
by the usual methods employed in testing blasting explosives, in 
which a column of explosive of considerable length is employed. 


SAND TESTS OF UNCOMPRESSED CHARGES OF MERCURY 
FULMINATE AND ITS MIXTURES. 


A lot of No. 7 detonators containing an average weight of charge 
of 1.4600 grams of the 90:10 composition was subjected to the sand 
test and pulverized 46.96 grams of sand finer than 30 mesh (sample 
M54, pp. 27-28). The composition was removed from a number of 
detonators selected from this lot, and charges equal to the average 
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weight of charge, 1.4600 grams, were placed in empty copper shells 
such as are used for blasting caps, and were packed slightly by 
simply tapping the caps on the table top. Thus, these laboratory- 
made detonators differed from sample M54 merely in that they con- 
tained the composition in an uncompressed condition, the charge in 
the regular detonators being compressed under a pressure of approxi- 
mately 100 to 200 atmospheres per square inch. 

The results of sand tests of the laboratory-made detonators agreed 
remarkably well with those of the regular detonators (sample M54), 
as may be seen by comparing the following table with the results 
obtained with those detonators (pp. 27-28). 


Results of sand tests of detonators with uncompressed charge of 1.46 grams of 90:10 
composition. 


Weight of sand pulverized finer than 30-mesh 
caught on— 


2 


SSrav 


£| eeese° 


AVOPRRO.. cas asneectes cas 
Average of sand tests of 
sample M54........... 


Fouad Rate ot ated 
88 | 


~ 
= 


The above comparison shows such a remarkable agreement of 
results, even as to the weights of the separate fractions of the differ- 
ent granulations, that it appears evident that the strength of a mer- 
cury fulminate detonator, as indicated by the effect produced in 
crushing sand, is not influenced by variations in the density of the 
charge up to the density found in commercial detonators, 

It is well known that mercury fulminate compositions may be 
“‘dead-pressed,”’ that is, compressed to such density that they will 
not detonate but merely burn on contact with flare. 

The tests with uncompressed charges showed that it was possible 
to make sand tests of uncompressed charges the results of which would 
be comparable with those obtained in tests of commercial detonators, 
thus providing a means of testing accurately weighed charges of 
different compositions. 

In the tests represented in the table following, the charges were 
accurately weighed, transferred to copper shells approximately 40 
mm. long, 7 mm. in outside diameter, and 6.60 mm. in inside diame- 
ter, and slightly packed by tapping the shell. The shell was then 
crimped in the usual manner on a short length of black-powder fuse, 
and the sand test was made as before described. 
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DETAILS OF TESTS OF THREE COMPOSITIONS. 


Three compositions were tested in this manner, as follows: (1) Mer- 
cury fulminate alone, without admixture of potassium chlorate; 
(2) a mixture of 90 per cent of mercury fulminate and 10 per cent 
of potassium chlorate; and (3) a mixture of 80 per cent of mercury 
fulminate and 20 per cent of potassium chlorate. The results were 
as follows: 


Results of sand tests of detonators containing three different weighed charges. 


MERCURY FULMINATE, WITHOUT POTASSIUM CHLORATE. 


Weight of Iverized fin 
eight of sand pul Lao gee er than 30-mesh Weight aeel 
Weight of charge. ne tntoush sand finer 


40-mesh. | 60-mesh. | 80-mesh. } 100-mesh. | 10>™esh. | 39 mesh. 


Grams. Grams. Grams. Grams. Grams. Grams. 
4.90 8.02 4.85 3. 22 35. 95 56. 4 
4.42 7.10 4.22 2. 80 29.17 47.71 
4.53 6.30 3.85 2.77 20. 88 38. 33 
3.75 5.33 2.83 1,82 15. 92 29. 65 
3.74 4.44 2.39 1.40 10. 48 22. 45 
3.06 3.57 1.95 1.07 8, 26 17.91 
2.55 2.80 1.54 ~82 6.45 14.16 
1.83 2.53 1,27 70 5.87 12. 20 
1.92 2.13 1.05 57 4.34 10.01 
1.60 2.05 1.10 65 3.44 8. 84 
1.45 1.57 +77 52 2.62 6.93 
1,60 1.20 62 Ht 1.72 5.48 


2.0000. ccs ceccccasecesescecnss 5.09 8.02 5.21 3.32 31.93 58. 57 
1.5000. . ce cccoccccecesnscesans 4.89 7.84 4.78 2.82 30.78 51.11 
1.0000. 2.2.22 sceecececeecnsecs 5. 00 6. 69 3. 82 2.61 22.01 40. 13 
ee ccceccecees 4.30 5. 82 3.24 2.01 16, 93 32.30 

casececescess 3. 60 4.49 2.46 1.36 11.16 23.07 

eeecerseecsce 3.04 3. 92 1.91 111 7.92 17.90 

wsecccccccecs 2.50 3.06 1.54 +89 7.14 15.13 

seceenevevess 2,05 2.71 1.37 72 6.05 12.90 

eoncccccecese 2.40 2.69 1,35 74 5.53, 12.71 

coscceccesecs 1.95 2.29 1.29 72 3.32 9.57 

rere reer 1.88 2.00 1,10 55 8.23 8.71 

wo cc ceesccecsencccnsccres 1.50 1.85 1.07 69 3.15 8.33 


2. 8.47 5.03 3.77 37.35 59. 68 
1.5 8.07 4.85 3.40 31.30 52. 54 
Ty 7.17 4.44 2.47 22. 80 41.42 
7 6.38 3.73 2.13 17. 60 34.28 
4.71 2.59 1.43 11.07 23.22 
3.75 1.95 1.09 8.39 18.13 
3.17 1.65 .90 7.75 15.94 
2.87 1.44 85 6.00 13.13 
2.75 1.34 72 6.45 12.61 
2.80 1.52 «72 4.40 11.94 
2.47 1.25 - 67 4.10 | 10. 29 

2.15 1.2, ° Fs 


COMMENTS ON TABULATED DATA. 


The detailed results shown in the table confirm the evidence 
presented by the tests of the commercial detonators—that the 
80:20 composition possesses greater strength, as indicated by the 
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sand test, than the 90:10 composition, and that both compositions 
are stronger than mercury fulminate alone. 

A comparison of the results contained in the last column of the 
table is facilitated by the following table, in which these results are 
placed side by side: 


Comparison of results of sand tests of weighed charges of mercury fulminate, 90:10 
composition, and 80:20 composition. 


Total weight of sand pulverized finer than 
30-mesh. 


Weight of Mercury ful- | Mercury ful- 


charge. minate (90 per | minate (80 per 
Mercury ful- cant) and cent) and po- 
minate. tassium chlo- | tassium chlo- 


rate (10 per rate (20 per 
cent). cent). 


The results of the foregoing table are plotted in figure 4, where 
they are seen to follow closely regular curves. 


RELATIVE EFFICIENCY OF MERCURY FULMINATE ALONE AND IN 
MIXTURES WITH POTASSIUM CHLORATE AS INITIAL DETONATOR 
FOR NITROSUBSTITUTION COMPOUNDS. 


The results of sand tests discussed in the foregoing pages showed 
that, as regards efficiency in the pulverization of sand, mercury 
fulminate alone is inferior to both of the commonly used 90:10 and 
80:20 mixtures of mercury fulminate and potassium chlorate, and 
that the 80:20 mixture is superior to the 90:10 mixture. It then 
appeared advisable to make actual comparisons of the relative 
efficiencies of these detonator compositions in bringing about the 
complete detonation of various nitrosubstitution compounds. 

The sand test offered a most suitable means of carrying out such 
determinations as a comparison of the weights of sand pulverized 
would serve to indicate whether complete explosion of the nitro- 
substitution compound was effected. Furthermore, if there is an 
incomplete explosion in making the sand test, the unexploded part 
of the charge, contained in the bottom part of the copper shell, is 
recovered in the sand on emptying the bomb. (See PI. II, A.) 
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METHOD USED IN PRELIMINARY TESTS. 


The method adopted in the preliminary tests was as follows: 
Four-tenths of a gram of the nitrosubstitution compound to be 
used was weighed on a small sheet of glazed paper, transferred to 
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FicurE 4.—Curves showing results of sand tests of uncompressed charges of mercury {ulminate (results represented by crosses), 
90:10 composition (results represented by solid circles), and 80:20 composition (results represented by open circles) 
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one of the copper detonator shells, 40 mm. long by 6.60 mm. in inside 
diameter, and slightly compressed by means of a glass rod fitting 
neatly into the shell. 
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A weighed charge of the priming composition, either mercury 
fulminate or one of its mixtures with potassium chlorate, was then 
added on top of the nitrocompound, and packed slightly by tapping 
the shell lightly against the table top. A short length of black- 
powder fuse was then inserted, the shell crimped to the fuse, and 
the combined charge fired in the bomb in the manner previously 
described. 

By suitable reductions in the weight of the priming charge, the 
weight of charge of nitrocompound being kept constant (0.4 gram), 
it was possible to determine approximately the minimum charge of 
each priming composition that would completely detonate the con- 
stant charge of nitrocompound, the weight of sand pulverized serving 
as an indication of the completeness of the detonation. 


TESTS OF TETRANITROMETHYLANILINE. 


The results of complete tests of tetranitromethylaniline, or ‘‘tetryl,” 
tabulated below will illustrate the method of procedure followed 
with each of the nitrosubstitution compounds tested. 


Results of detonation tests of tetranitromethylaniline (tetryl). 


Weight of sand finer than 30- 
Priming charge. mesh caught on— Welent weight 
Weight o 
ig sand | sand 
tetryl. through] finer 
Composition. Weight. 40, 80 | 80. | 100°] 200-.| than 


mesh. | mesh. | mesh. | mesh. | mesh. 30- 
mesh. 


NN EE ee 


Grams.| Grams.| Grams.| Grams.| Grams.| Grams.| Grams.| Grams. 
. 5000 000 4.74 15 45 3.09 | 27.35 i 


0 000 0. 4000 a) 7 4 3 46.78 
4 4 4. 6.55] 4. 2.79| 22.50] 40.83 
Mercury fulminste.........--.+---+-- ‘3500| 14000} 4.60] 6.20| 3.89] 2.50] 19:13] 36.41 
3250] 14000] 3.80] 3.03] 2.07] 1.13] 6.% 6.96 
; er ‘4: 7 "37 x 8 
Meceury flminate (on pr cent» ana | 29) ttm) a] Gas) 8A] ga hos) ae 
Potassium chlorate (10 percent)....) ‘759 | 4000} 3.11} 3.75] 1.85] 98) 5.92] 15.61 
Mercury fulminate (80 per cent) and ee wes re es a 3 ous pa 
tassium chlorate (20 per cent)....!) “5+; . ‘ ie ad eed " . 
Pe 2500] .4000] 3.02] 3.58] 1.73] 1.03] 5. 15.00 


It is apparent that in the tests represented in the foregoing table 
complete detonation of the 0.4 gram of “tetryl’’ was obtained by 
means of a priming of at least 0.3500 gram of pure mercury fulminate, 
0.3000 gram of the 90:10 mixture, and 0.2750 gram of the 80:20 mix- 
ture. The decided decrease in the pulverizing effect of the detonators 
when the weight of the priming charges was reduced 0.0250 gram 
less than the weights given shows conclusively that with the weaker 
priming charges complete detonation of the “tetryl’’ was not ob- 
tained. Furthermore, in each test in which the quantity of sand 
pulverized indicated incomplete detonation, the bottom part of the 
copper shell containing unexploded ‘‘tetryl’’ was recovered from 
the bomb when the sand was sifted. (See Pl. II, A.) 
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TESTS OF OTHER NITROSUBSTITUTION COMPOUNDS. 


A large number of tests were also made to determine the minimum 
weights of charge of the three priming compositions necessary to 
effect complete detonation of tetranitroaniline and picric acid. It is 
not necessary to present the detailed results of the tests, but a sum- 
mary of the results is given in the following table. The weight of nitro- 
substitution compound in all tests was 0.4000 gram. The minimum 
weight of each of the three priming compositions that produced com- 
plete detonation of each nitrocompound, and the results of the sand 
test in terms of the total weight of sand pulverized to a finer granula- 
tion than 30-mesh, are shown in the table. 


Results of detonation tests of three nitrocompounds. 


Priming charge. 


Nitrocompound. Tot 
weight of 
Composition. Minimum sand 
weight fincr 
for Pi econ 
Mercury complete ‘mesh. 
Designation. Weight. fulminate. detountion. 
Grams. Per cent. Grams. Grams. 
Totranitromethylaniline........... 0.4000 100 . 3500 36.41 
Davin ae epeeasc etwas aedyascat 4000 37.99 
DOs cca divenwe . 4000 80 2750 36.14 
Tetranitroaniline.. - 4000 190 4500 40.50 
Deccan ccas fs -4000 90 3125 35.39 
Dds. .us 4000 80 3125 35.08 
Picric acid... -4000 100 000 36.65 
DOs oe cas 4000 90 3750 35.04 
DU esaexiseckesvssouahspcncsens 4000 3750 37.60 


The results of the tests show the superiority of the chlorate mix- 
tures over pure mercury fulminate as a detonator for each of the 
three nitrocompounds, thereby confirming the results of the sand 
tests tabulated on pages 42 to 43. 

Under the conditions of the tests described above, trinitrotoluene 
could not be detonated by priming charges of as much as 1 gram of 
mercury fulminate or of its mixtures with chlorate, the weight of 
sand pulverized by the combined charge being only approximately 
that which should result from the detonation of the priming charge 
alone. A part of the trinitrotoluene contained in the bottom of the 
partly demolished copper shell (see Pl. II, A) was in each test recov- 
ered from the bomb by emptying the sand into the sieve. The 
failure of the priming charge to effect the detonation of the trinitro- 
toluene is apparent from the results shown below, obtained with 
combination charges of 0.4 gram of trinitrotoluene and 1.0 gram of 
80:20 composition, the combined charge being prepared as described 
above. 
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Results of detonation tests of trinitroluene (unconfined). 


Priming charge. Weigh Weight of sand Ae ‘than 30-mesh Weight | Total 
caught on weight 
of tri- of sand of sand 
altrote: || $< So thre finer than 
Composition. | Weight. | Me. | 4o.mesh. | 60-mesh. | 80-mesh. | 100-mesh. 
‘ams. Grams.| Grams. | Grams. | Grams. | Grams. 
Meniy. fulminate |) 1 9000 | 0. 4000 4.72 7.55 4.27 3.09 
per cent) and |} 1"q900 4000 4.40 7.67 5.02 4.90 
potassium chlorate |f "9999 | | 4000 4.15 7.23 4.75 3.20 
(20 per cent). - : . : 
a Average. 


The average result of the sand tests of the combined charges, 
expressed as the total weight of sand pulverized finer than 30-mesh, 
is shown in the last column as 45.63 grams. The table on page 43 
shows that 1 gram of the 80:20 composition alone, tested under like 
conditions, gave a result of 41.42 grams, which is sufficiently near 
to the average of the tests last mentioned to show that detonation 
of the trinitrotoluene was not effected under the conditions of the 
tests. 


PREPARATION AND TESTS OF “REINFORCED”? DETONATORS. 


Certain commercial detonators contain as the main detonating 
charge a nitrosubstitution compound, such as trinitrotoluene, tetra- 
nitroaniline, or tetranitromethylaniline. The detonation of this 
charge is effected by means of a small priming charge of mercury 
fulminate or a mixture of the latter with potassium chlorate. The 
combined charge is given greater confinement by means of a small 
copper shell fitting neatly within the detonator shell and pressed 
on the charge. A small perforation about 2.3 mm. in diameter in 
the upper end of the reinforcing cap permits the ignition of the priming 
charge by the flame from the fuse. 

This increased confinement undoubtedly has the effect of con- 
fining the force of the detonation of the priming charge so that this 
force can be more completely utilized for causing the detonation of 
the main charge of nitrocompound. The priming charge more 
quickly attains its maximum velocity of detonation under the 
increased confinement, and its effectiveness is thereby increased. 
Hence a smaller priming charge can be made to produce the desired 
result than would be required without the use of the reinforcing cap. 

Figure 5 is a sectional view of a commercial reinforced detonator 
showing the arrangement of the charge. As indicated in the figure, 
in compressing the reinforcing cap on the charge, the resistance of 
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the latter against the walls of this inner cap slightly expands the 
walls of the outer shell of the detonator, causing a more firm reten- 
tion of the inner cap. 

It was considered advisable to prepare in the laboratory reinforced 
detonators containing known weights of nitrocompound and of 
priming charge compressed at definite pressures, in order that a 
series Of sand tests might be made to investigate the effects of such 
variables as compression, weight, and composition of priming charge 
on the different nitrocompounds employed in such detonators. 

For convenience, in subsequent allusions to the three nitrosubsti- 
tution compounds mentioned, the commonly employed abbreviations 
are used, as follows: Trinitrotoluene, T. N. T.; tetranitromethyl- 
aniline, tetryl; tetranitroaniline, T. N. A. 


LABORATORY APPARATUS FOR PRESSING DETONATORS. 


The apparatus employed for pressing the charges is illustrated in 
Plate II, B. It consists essentially of an iron block provided with a 
hole in which the de- 
tonator is placed, an 
iron plunger fitting 
neatly within the de- 
tonator shell, a guide 
block through which 
the plunger passes, 
and an iron screw 
for obtaining the desired pressure against the upper end of the 
plunger. The detonator block is doweled to the platform of a 
counter platform scale with a capacity of 200 pounds. A wooden 
box surrounds the entire apparatus with the exception of the 
arm and beam of the scales and the upper end of the screw. The 
iron frame through which the screw passes is fastened in position 
within the box. The front of the box is hinged, provided with a 
catch fastener, and lined with heavy sheet iron as a protection 
from fragments of metal that might be projected by the explosion 
of adetonator. The diameter of the end of the plunger being 5 mm., 
corresponding to an area of one-thirticth of a square inch, any 
desired pressure up to 6,000 pounds (400 atmospheres) per square 
inch is obtained by using a beam weight equal to one-thirtieth of the 
pressure desired, and turning the screw until the pressure on the 
detonator charge is such that the beam is in equilibrium. 


Reinforcing cap 


Priming charge 


Nitrosubstitution compound 


FicurReE 5.—Sectional view of reinforced detonator. 


METHOD OF LOADING REINFORCED DETONATORS. 


In loading the detonators the safest procedure is to place the 
weighed charge of nitrocompound in the detonator shell, and the 
weighed charge of priming composition in the small reinforcing cap, 
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the latter being held in a small cavity in a brass block so that the 
composition will not be lost out of the hole in the end of the cap. 
The priming composition is then packed in the cap by slight pressure 
with a wooden rod, the cap is completely filled with a part of the 
weighed charge of nitrocompound packed in the same manner, and 
the small cap is removed from the brass block and carefully inserted 
in the detonator shell with its perforated end upward. The deto- 
nator is then placed in the press block, the plunger inserted on top 
of the reinforcing cap, and the desired pressure applied by means of 
the screw, care being taken to close the door of the box before apply- 
ing the pressure, thereby avoiding accident from a possible explosion 
of the detonator. For the sake of uniformity the desired pressure on 
the charge was in each instance maintained for a definite period, one 
minute being selected as a suitable time for obtaining equilibrium of 
compression throughout the charge. 

All of the ‘‘reinforced”’ detonators prepared in the laboratory for 
use in the tests described below were loaded by the method just 
described. 


SAND TESTS OF T. N. T. REINFORCED DETONATORS. 


The experiments were at first confined to sand tests of a single 
nitrocompound, trinitrotoluene (T. N. T.), and the effect of such 
variables as charging pressure, weight of priming charge, purity of 
nitrocompound, and size of crystals of nitrocompound were investi- 
gated, the same priming composition being used in all of the tests. 

The relative efficiencies of different priming compositions for 
bringing about the complete detonation of various nitrocompounds 
was then studied by determining the minimum weight of each priming 
composition that would completely detonate a uniform charge of 
each of the different nitrocompounds. 

Some results of incomplete detonation of reinforced detonators are 
shown in Plate II, A. 


EFFECT OF VARIATIONS IN CHARGING PRESSURE AND WEIGHT OF 
PRIMING CHARGE. 


PRIMING CHARGE CONTAINING 89.71 PER CENT OF MERCURY FULMINATE AND 10.29 PER 
CENT OF POTASSIUM CHLORATE, 


The effect of variations in the charging pressure and in the weight 
of the priming charge was studied with asample of T. N. T. designated 
sample 227, 0.4000 gram of the sample being used in each test. The 
priming composition was designated sample M54, and contained 89.71 
per cent of mercury fulminate and 10.29 per cent of potassium 
chlorate. Tabulated results of the tests follow. 
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Results of sand tests of sample 227 of T. N. T. with different charging pressures and weights 
of priming charge. 


[Priming composition (sample M54), 89.71 per it of apreary fulminate and 10.29 per cent of potassium 
orate. 


Total weight of sand pulverized finer than 30-mesh by detonator 
charged under pressure of— 


Weight of priming composition. 
400 at- | 300 at- | 250 at- | 200 at- | 100 at-| 75at- | 50at- | Qat- , 
mos- | mos- | mos- | mos- | mos- | mos- | mos- mos- 
pheres. | pheres. | pheres. | pheres. | pheres. | pheres. | pheres. | pheres. 
Grams. Grams. | Grams. | Grams. | Grams. | Grams. | Grams. | Grams. | Grams. 


0.3200 s see ec ecsecssins cai dimsitesavses 34.10 | 36.22] 35.70] 35.20] 36.22 


35. 72 
34.10 |... es 


35.70 |........ 


@ Incomplete detonation of T. N. T. 


In every test represented in the foregoing table it will be noted 
that a priming charge as low as 0.2500 gram of 90:10 composition 
produced complete detonation of the T. N. T., as indicated by the 
sand test, when pressures varying from 400 to 25 atmospheres were 
employed in charging the detonators. As the weight of priming 
charge was reduced to less than 0.2500 gram, the probability of com- 
plete detonation was increased as the pressure was decreased, Thus, 
the minimum priming charge producing complete detonation was 
0.25 gram for a compression of 400 atmospheres, 0.25 gram for & 
compression of 300 atmospheres, 0.24 gram for a compression of 200 
atmospheres, 0.23 gram for a compression of 100 atmospheres, and 
0.19 gram for a compression of 50 atmospheres. 

The tests therefore showed that, although the particular sample 
of T. N. T. used could not be detonated by a priming charge of 
1 gram of the fulminate composition without the additional confine- 
ment afforded by the reinforcing cap, the use of the reinforcing cap, 
even when a pressure as low as 50 atmospheres (750 pounds per 
square inch) was used in charging, enabled a priming charge of only 
0.19 gram of the fulminate composition to cause complete detonation 
of the T.N.T. As the charging pressure was increased, the sensitive- 
ness of the T, N. T. to detonation diminished, so that when pressure 
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corresponding to a charging pressure of 400 atmospheres (6,000 
pounds per square inch) was used, a priming charge of 0.25 gram was 
necessary to completely detonate ‘the T.N. T. 

These results, indicating the effect of compression on the sensitive- 
ness of T. N. T. to detonation, were confirmed by the results of tests 
on two other samples of T. N. T., but it should be noted that in the 
three samples there was an appreciable difference as to sensitiveness 
to detonation with the same priming composition under like condi- 
tions of pressure. All of the three samples of T. N. T. tested were 
commercial products melting at approximately 80° to 81° C. and 
containing approximately the theoretical content of nitrogen for 
trinitrotoluene (18.50 per cent). 

The two other samples of T. N. T. referred to were designated 
M1789 and M1790, 0.4000 gram of the sample being used in each 
test. The priming composition was the same as used in the previous 
tests with sample 227. Tabulated results of the tests follow. 


Results of sand tests of two samples of T. N. T. with different charging pressures and 
weights of priming charge. 
[Priming composition (sample M-54), 89.71 per or of ae fulminate and 10.29 per cent of potassium 
chlorate. 


SAMPLE M1789. 


Total weight of sand pulverized finer than 30-mesh by deto- 
nator charged under pressure of— 
Weight of priming composition. 


400 300 200 100 50 25 


Grams. Grams. | Grams. | Grams. | Grams. | Grams. | Grams. 


a Incomplete detonation of T. N. T. 


Although samples M1789 and M1790 showed a decrease in sensi- 
tiveness to detonation with increased charging pressure, it will be 
noted that they exhibited different degrees of sensitiveness under 
the same conditions. For example, the results of the tests of the 
three samples show that the minimum weights of the priming com- 
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position required to produce complete detonation of the T. N. T. 
at all pressures of loading from 400 to 25 atmospheres were as follows: 
For sample 227, 0.2500 gram; for sample M1789, 0.2900 gram; and 
for sample M1790, 0.3100 gram. 


PROPERTIES OF T. N. T. SAMPLES TESTED. 


In order to ascertain whether this difference in sensitivenessto 
detonation was due to differences in purity of the three samples the 
following tests of the properties of the samples were made: 


Results of tests of properties of T. N. T. samples 227, M1789, and M1790. 


Proportion of sample caught on— Propor- 
2 Melting | Mols- | Nitro- J tion 

Sample No. | “point. | ture. | gem | “7 | on | go. | ao | 100 | 200- [soe 

mesh. | mesh. | mesh. | mesh. | mesh. | mesh. 

°C. | Perct.| Perct.| Perct.| Perct.| Perct.| Perct.| Perct.| Perct.| Per ct, 
227.2. eenecenences 79to 80] 0.06] 18.38 0.05 1.72 5.36 6. 80 9.40} 70.12 6. 60 
MIMO Ssi5s0t2s0e3 sotosi| .or{ 133 |} .o4| 18.60] 19.80] 12.78] 10.26| 30.98] 7.58 
MI: cccczsntes.5 sotosi| 03 |{ 133 |} -o7| 5.48] 23.56| 35.88] 31.88] 3.00] — .20 


It is evident that the three samples differed mainly as to granulation 
or crystalline size, the other properties noted in the table showing 
relatively small variations. Sample 227 was largely fine crystals 
(between 100-mesh and 200-mesh); sample M1790 contained only 
a little very fine and very coarse crystals, most of it being of medium 
granulation (40-mesh to 100-mesh), whereas sample M1789 con- 
sisted of a rather uniform mixture of all sizes, including considerable 
quantities of both very fine and very coarse crystals. 


EFFECT OF RECRYSTALLIZATION OF T. N. T. ON ITS SENSITIVENESS TO 
DETONATION. 


Parts of samples M1789 and M1790 were next purified by recrys- 
tallization from alcohol, care being taken to obtain as uniformly fine 
crystals as possible. Reinforced detonators each containing a 0.4000- 
gram charge of the recrystallized parts of the samples were prepared, 
the weight of the priming charge and the charging pressure being 
varied. The results of the tests were as follows: 
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Results of sand tests of recrystallized T. N. T., charging pressure and weight of priming 
charge being varied, 


Sample M1789. Sample M1790. 


Total weight of sand Total weight of sand 
yulverized finer ulverized finer 
than 30-mesh_ by | * han 30-mesh by 


Weight of detonator charged | Weight of detonator charged 
priming under pressure of— priming under pressure of— 
charge.a charge.a 


400 atmos- | 200 atmos- 400 atmos- | 200 atmos- 


pheres. pheres. 


anne of sample M54, containing 89.71 per cent of mercury fulminate and 10.29 per cent of potassium 
> Incomplete detonation of T. N. T. 

If these results are compared with those obtained with the original 
samples, it may be noted that the minimum priming charge required 
to completely detonate the original sample of M1789 was 0.2900 
gram for a compression of 400 atmospheres, and 0.2300 gram for a 
compression of 200 atmospheres, whereas the minimum priming 
charges for the recrystallized sample under like conditions were 
0.2800 gram and 0.2100 gram. Similarly, the minimum priming 
charges required to completely detonate the original sample of 
M1790 were 0.3100 gram for a compression of 400 atmospheres and 
0.2400 gram for a compression ef 200 atmospheres, as compared with 
0.2900 and 0.2300 gram for the part of the sample that was recrys- 
tallized. 

It is therefore apparent that although recrystallization appeared 
to increase the sensitiveness to detonation of both samples, the dif- 
ference noted between the two original samples still existed after 
recrystallization. 


EFFECT OF SIZE OF CRYSTALS OF T. N. T. ON SENSITIVENESS TO 
DETONATION, 


A quantity of the sample of T. N. T. designated M1789 (see table 
on p. 52) was sifted through 40-mesh and 200-mesh sieves, and 
the fractions coarser than 40-mesh and finer than 200-mesh were 
tested separately to determine whether the difference in crystalline 
size would affect the sensitiveness to detonation. In these tests, 
reinforced detonators containing 0.4000-gram charges of the two 
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samples of fine and coarse T. N. T., with varying weights of priming 

charge of 90:10 composition (sample M54, as used in preceding tests), 

were prepared, and these detonators were tested by the sand test in 

order to determine the minimum weight of priming charge necessary 

to completely detonate each of the samples of T. N. T. All of the 

detonators were loaded with a charging pressure of 200 atmospheres. 
The results of the tests follow. 


Results of sand tests of fine and coarse crystals of T. N. T. (sample M1789). 


Weight ofsand pulv ig ars Weight of sand Relves: a 
than 30-mesh by T. N than 30-mesh by T. T. 
crystals coarser than Socattoak crystals finer than 200 Mesh, 


Test No. with a priming charge of— with a priming charge of— 


0.2500 | 0.2400 | 0.2300 | 0.2200 | 0.2200 | 0.2100 | 0.2000 
gram. | gram. | gram. | gram. | gram. | gram. | gram. 


Hi 


Grams.|Grams.| Grams.|Grams.|Grams.| Grams.| Grams.| Grams. 
Vi sivesstevsssidscestseceeaseeseeo sess 34.25 | 34.25 | 33.65 }@17.55 | 34.00 | 32.60] 31.35 | a2L.55 


a Incomplete detonation of T. N. T. 


The minimum priming charge required to detonate the coarse crys- 
tals was established at 0.2300 gram, exactly the same as that found 
for the original sample of M1789 in the tests tabulated on page 51, 
whereas that for the fine crystals was established at 0.2100 gram, 
indicating that the finely crystallized T. N. T. was slightly more 
sensitive to detonation than the coarse crystals. 

It therefore seems probable that the differences in sensitiveness to 
detonation shown by the three T. N. T. samples 227, M1789, and 
M1790 may have been due largely to the effect of crystalline size, 
sample 227, containing the largest proportion of fine crystals, being 
the most sensitive, and sample M1790, containing the smallest pro- 
portion of fine crystals, the least sensitive. 


DETONATION TESTS OF SEVERAL NITROCOMPOUNDS. 


_ The following tests were made in the same manner as those just 
described, reinforced detonators being prepared, each containing a 
0.4000-gram charge of the nitrocompound, with varying weights of 
three different compositions—pure mercury fulminate, and the 90:10 
and the 80:20 mixtures of mercury fulminate and potassium chlo- 
rate. The charging pressure was 200 atmospheres in every test. 

In determining the relative sensitiveness to detonation of these 
nitrocompounds by establishing the limit charge of priming compo- 
sition that completely detonated the nitrocompound, it was recog- 
nized that some slight, uncontrollable variation in conditions of test 
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might exert an influence one way or the other when the weight of 
priming charge was close to the limit. It was therefore decided to. 
establish the minimum charge limit by a series of five consecutive 
and exactly similar tests, all of which should indicate the complete- 
ness of explosion of the nitrocompound. 


T. N. T, REINFORCED DETONATORS. 


Tests of T. N. T. reinforced detonators were first made, the results 
being as follows: 


Results of sand tests of T. N. T. reinforced detonators, to determine effect of variations 
an composition and weight of priming charge. 


{Sample of T. N. T. designated M1789; 0.4000 gram used in each test.] 


Weight of sand pulverized finer than 30-mesh with a 
Priming charge. priming charge of— 


Per | 0.3200 | 0.3000 | 0.2800 | 0.2600 | 0. 2500 | 0.2400 | 0. 2300 


Constituent. cent. | gram. | gram. | gram. | gram. | gram. | gram. | gram. 
Grams. 
Mercury fulminate..............-..-- 100 
Mercury fulminate..........cceeeeee- 90 
Potassium chlorate...........2222 e000 10 
Mercury fulminate................... 80 
Potassium chlorate...........2-.2-0+- 20 
a Incomplete detonation of T. N. T. > Average of 5 tests. 


The tests established that the minimum priming charges effecting 
complete detonation of the T. N. T. were as follows: Pure mercury 
fulminate, 0.2600 gram; 90:10 composition, 0.2500 gram; 80:20 com- 
Position, 0.2400 gram. 
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TESTS OF T. N. A. REINFORCED DETONATORS. 


T. N. A. detonators were next tested, the results being tabulated 
below: 


Results of sand tests of T. N. A. reinforced detonators, to determine effect of variations in 
composition and weight of priming charge. 


[Sample of T. N. A. designated 228; nitrogen, 26.49 per cent; 0.4000 gram used in each test.j 


Priming charge. Weight of sand pulverized finer than 30-mesh with a charge of— 


Constituent. H s k 0.1800 | 0.1700 | 0.1600 


Mercury fulminate..... 
Potassium chlorate. ... 


Mercury fulminate..... 
Potassium chlorate. ... 


@ Incomplete detonation of T. N. A. b Average of 5 tests. 


The tests established that the minimum priming charges effecting 
complete detonation of the T. N. A. were as follows: Pure mercury 
fulminate, 0.2000 gram; 90:10 composition, 0.1700 gram; 80:20 com- 
position, 0.1700 gram. 


PICRIC ACID REINFORCED DETONATORS, 


Tests of picric acid reinforced detonators were also made, with 
results as follows: 
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Results of sand tests of picric acid reinforced detonators to determine effects of variations in 
composition and weight of priming charge. 


[Picric acid, chemically pure; 0.4000 gram used in each test.] 


Priming charge. Weight of sand pulverized finer a 30-mesh with a priming 
Constituent. Per | 0.3200 ence 0.2400 | 0.2300 | 0.2200 | 0.2100 | 0.2000 | 0.1900 | 0.1800 


Mercury fulminate........ ne 


Mercury fulminate............ 
Potassium chlorate...........- 


Mercury fulminate............ 
Potassium chlorate ............ 


2 Incomplete detonation of picric acid. b Average of five tests. 


The tests established that the minimum priming charges effecting 
complete detonation of the picric acid were as follows: Pure mercury 
fulminate, 0.2500 gram; 90:10 composition, 0.2300 gram; 80:20 com- 
position, 0.2200 gram. 


TETRYL REINFORCED DETONATORS. 


Tetryl reinforced detonators were also tested. The results are 
presented in the following tabulation: 


Results of sand tests of tetryl reinforced detonators to determine effect of variation in weight 
and composition of priming charge. 


[Sample of tetryl designated 197-a; 0.4000 gram used in each test.] 


Priming charge. Weight of sand ibaa rod bo 30-mesh with a priming 


0.3200 0.2400 0.2300 0.2200 0.2100 0.2000 


Constituent. Per cent. gram. gram. gram. gram. gram. gram, 


Grams. | Grams. | Grams. 
34.40 7.65 32.55 


31.75 
32.85 
Mercury fulminate............. 100 a 6,80 
a 6.80 
Acecute REAR acter! Pot eae ads aan Camere eka 


Potassium chlorate............. 10 14D) le Senee Setele ses sebsce|Sactecsatelevtesscy.3|tsieyieus ot 


@ Incomplete detonation of tetryl. © Average of five tests. 
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The tests established that the minimum priming charge effecting 
complete detonation of the tetryl was 0.2400 gram of pure mercury 
fulminate. 

As the quantity of tetryl on hand was small, the tests with the 
90:10 and 80:20 priming compositions could not be completed. 


SUMMARY OF RESULTS OF DETONATION TESTS, 


The detonation tests showed conclusively that, for the samples 
of nitrocompounds studied, and under the conditions of the tests, 
the mixtures of mercury fulminate with potassium chlorate were 
more efficient detonating materials than the pure mercury ful- 
minate, and that the mixture containing 20 per cent of chlorate 
was slightly more efficient than that containing 10 per cent of 
chlorate, the relative detonating efficiency being determined by the 
minimum weights of priming composition that would completely 
detonate the nitrocompounds. 

These results confirm in every way those obtained without the 
extra confinement afforded in the reinforced detonators (see table 
on page 46), and also further substantiate the conclusions drawn 
from the results of the sand tests of the three priming compositions 
presented on page 43. 

The tests showed also that the additional confinement afforded in 
the reinforced detonators resulted in an appreciable lowering of the 
minimum weight of a given priming composition required to detonate 
a given nitrocompound. For example, in the ordinary detonator, 
not reinforced, 1 gram of 80:20 composition failed to detonate 
0.4000 gram of T. N. T., (see p. 47), whereas in the reinforced 
detonator 0.2400 gram of the same 80:20 priming composition 
completely detonated 0.4000 gram of T. N. T. In the tests of 
T. N. A., 0.3125 gram of 80:20 composition was required to effect 
detonation in the ordinary detonator, whereas 0.1700 gram of the 
same priming composition produced complete detonation in the 
reinforced detonator. 

The sand tests of these reinforced detonators showed results only 
slightly lower than those obtained with the somewhat larger weights 
of priming charge in the tests represented in the table on page 46, 
the difference being what would be expected from the reduction in 
the weight of total charge. 

It is further noted that the weight of sand pulverized was almost 
uniformly greater when the chlorate priming compositions were used 
than when the priming charge was pure fulminate, even though the 
weight of pure fulminate was greater than that of the chlorate 
mixture. 
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A summary of the results shown in the four tables on pages 55 
to 57 follows: 


Summary of results of tests to determine minimum prim ing charges effecting complete 
detonation of nitrocompounds in reinforced detonators loaded at pressure of 200 atmos- 


pheres. 
Nitrocompound. | Priming charge. 
é : Weight of 
tion. s i 
‘om position, Minimum can ol 
m rat weight for 
Designation. Weight. m shir ; | complete 30-mesh, 
Mercury | Potassium detonation 
fulminate. | chlorate. | © ; 
Grams Per cent Per cent. Grams, Grame 
0.4000] =: 100 J.....2..22-- 0. 2600 31.85 
4000 90 10 - 2500 34.51 
4000 s0 20 . 2400 34.45 
4000 LOOM. odes cccsices = 2000 32.57 
4000 90 10 .1700 34,16 
4000 20 .1700 34.30 
4000 (Ree eee as «2500 33.40 
4000, 90 10 . 2300 34.10 
4000 R0 20 . 2200 33.26 
4000 WQO ssc cnate cave . 2400 34.70 
4000 90 10 (a) \weaSspccctue 
4000 80 20 tay . [ascsceckcock 


a Tests not made because of insufficient supply of tetryl. 


It is also of interest to note that the total strength shown by equal 
weights of each of the four nitrocompounds was nearly the same 
when equal weights of the same priming composition were used 
and the charges were subjected to similar pressures. Thus, with 
0.3200 gram of 90:10 priming composition, a charge of nitrocom- 
pound of 0.4000 gram, and a loading pressure 200 atmospheres, the 
weights of sand pulverized finer than 30-mesh were as follows: Tri- 
nitrotoluene detonator, 37.67 grams; tetranitroaniline detonator, 
38.65 grams; tetranitromethylaniline detonator, 37.75 grams; picric 
acid detonator, 38.18 grams. Each of these results is the average 
of five tests as noted in the tabulated results, and the total variation 
in the average results is no greater than the variation in a series of 
five tests with the same nitrocompound. 


COMPARISON OF COMMERCIAL T. N. T. REINFORCED DETONATORS 
WITH COMMERCIAL FULMINATE DETONATORS. 


Four samples of T. N. T. reinforced detonators were tested by 
means of the sand test to determine their ‘‘strength” in comparison 
with the ordinary type of detonators containing 90 per cent of mer- 
cury fulminate and 10 per cent of potassium chlorate. The commer- 
cial T. N. T. detonators used were designated as grades 5, 6, 7, and 
8, and were manufactured to be equivalent to the corresponding 
grades of fulminate detonators. 
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COMPOSITION AND WEIGHT OF CHARGE OF T.N. T. DETONATORS. 


The weight and the results of analysis of charge in each of the four 
samples were as follows, as shown by averages on two to three 
detonators: 


Weight and analysis of charge of each of four samples of commercial T. N. T. reinforced 


detonators, 
Sample (grade) No.— 
Item. 
5 6 7 8 

Weight of total charge, prams... ............0222 00 2c cece eee eee 0. 6133 0. 7035 1.1078 1.2498 
Weight of T. N. T, detonating charge, grams......-....-.------ «3008 «3872 +7940 - 9113 
Weight of puming CHarge; PPAMS. sec sd 6s sedi coves sedsesaesens +3125 +3163 +3138 3377 
Analysis of priming charge: 

Mercury fulminate, per cent 89.25 89.51 89. 73 

Potassium chlorate, per cent 10.80 10.75 10.49 10. 27 


RESULTS OF SAND TESTS. 


Four detonators of each of these grades were tested by the sand 
test, with a view to comparing the results with the average results 
of tests of the commercial fulminate detonators of the same grades, 
as presented in the summary on page 31. The results of the tests 
are presented below, together with the averages mentioned: 


Results of sand tests of four reinforced T. N. T. detonators and of four ordinary commercial 
detonators. 


Average weight of sand pul- 


verized. finer than 20-mesh Average weight of total charge 


by— of= 
Grade of detonator. 
Mercury Mercury 
T.N.T. fulminate det- T.N.T. fulminate det- 
detonators. onators ({):10 detonators. onators (90:10 
composition). composition). 
Grams. Grams. Grams. Grams. 
31.29 30. 90 0. 6133 0. 7220 
35. 37 36. 61 . 7085 - 9842 
50. 99 47.16 1.1078 1.4377 
56, 32 54.53 1.2498 1. 8345 


These results justify the conclusion that the four samples of com- 
mercial T. N. T. detonators were equivalent in ‘‘strength’’ to the 
average fulminate detonators of the same grades. 


EFFECT OF MOIST ATMOSPHERE. 


In order to determine the effect of continued exposure to moist 
atmosphere, samples of both T. N. T. reinforced detonators and of 
mercury fulminate detonators, previously weighed, were exposed in 
a humidor to an atmosphere saturated with moisture at laboratory 
temperature. At intervals one or more of the detonators of cach 
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kind and grade were removed from the humidor, weighed, and 
subjected to the sand test. 

Both the T. N. T. reinforced detonators and the fulminate det- 
onators gradually increased in weight, owing to absorption of 
moisture. The sand tests showed that as the amount of moisture 
absorbed increased, a gradual decrease resulted in the ‘‘strength”’ 
of the T. N. T. detonators of all grades, whereas the ‘‘strength” of 
the fulminate detonators, as indicated by the sand tests, remained 
practically unchanged. 

The following tabulation for the No. 5 T. N. T. detonators is 
characteristic of the results obtained with all of the other grades of 
T. N. T. detonators. 


Results of sand tests of No. 5 T. N. T. detonators after exposure to moist atmosphere.2 


Avernge | sand pul- 


Time 
Test No. detonator | increase | verized 


was in A 
in weight. | finer than 
humidor. 30-mesh in 
sand test. 
Days Grams. Grams. 
Vosisasace cscecscasescscasteaveacasssaassassenedees -sSesases.5030286 0.0011 (2) 
. 40 
b SEETOTT CRT eN TYP Cerri rT ies Cie Toe etree Cerys r es tree eree: 14 +0015 25, 69 
© 10.20 
Bas iscachssoeasecetee dub gs bsp eile oh hesece tases ck odes akae 21 - 0039 €15.00 
8.1 
bs cde ssehecachioslovacesete apes aasesepeles tas beahonseraconeaesceag 28 -0061 7.73 
apa dis thasastehasees orks erode had Lieatulesebaheh iced sacahecdiawey ie tim 29 - 0066 © 5.50 
Gi sos sc came cdesceoewe pemasa as dsdvoegebiedhesvavestetw~adsensacwes 66 - 0082 ¢ 4.90 


3 No sant lost ante because twas thought thes te slight sboorpiion would nob aleck Weresutise 
¢ Incomplete detonation. 

After exposure in the humidor for 29 days, two of these detonators 
were removed, dried over sulphuric acid in a vacuum desiccator for 
one and two days, weighed, and subjected to the sand test. The 
detonator dried one day weighed only 0.0004 gram more than its 
original weight, and in the sand test pulverized 32.41 grams of sand 
finer than 30-mesh; the one dried two days returned exactly to its 
original weight and gave a sand-test value of 32.86 grams. 

Similar results were obtained on the T. N. T. detonators of No. 6, 
No. 7, and No. 8 grades, showing conclusively that although exposure 
to moist atmosphere for several weeks may cause a total loss of 
detonating efficiency, these detonators regain their original strength 
on removal of the absorbed moisture. 

No. 7 fulminate detonators were also subjected to the sand test 
after exposure to a moist atmosphere. The average weight of charge 
was 1.4554 grams, containing 89.71 per cent of mercury fulminate 
and 10.29 per cent of potassium chlorate. The average sand-test 
value before exposure was 46.96 grams. The results of the tests 
follow. 
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Results of sand tests of No. 7 fulminate detonators after exposure to moist atmosphere. 


| 


se 
weight o! 
eines Average sand 
Test No. wasin increase | pulverized 
: humidor in weight. | finer than 
: 30-mesh in 
sand test, 
———— 
| Days. Grams. Grams. 
Beeb GMaB Awa See st erTes ee SAPs TIT bRASS SR SERS SS AO ee Stare bee RRES OFS SSeS 7 0. 0028 47. 
caereligaeeaccat any 1 - OO44 48.36 
Pitas cmmae cy sane es 21 -OO48 47.86 
a seb sage ss Spariniae ze 28 . 0086, 47.20 
bie tie jaerale essa cs | aS ~ 0104 47.60 
i secwlOiies dh dewee ena Aye seeks Pen 64a 5 Kan SeUbeKade< Ch deh esancsuace wens | 52 0110 46.50 
i 


DISCUSSION OF TESTS. 


The tabulated results show that no appreciable change in strength 
of the No. 7 fulminate detonators was effected by the absorption 
of an amount of moisture equal to approximately 0.75 per cent 
of the original weight of charge. Under these same conditions the 
T. N. T. detonators became entirely useless, seemingly because the 
detonating efficiency of the fulminate priming charge had become 
diminished by the absorption of moisture. The experiments pre- 
viously described showed that under certain conditions the minimum 
priming charge of 90:10 composition that can produce complete 
detonation of T. N. T. may be as much as 0.3100 gram. Priming 
charges weighing only 0.3125 to 0.3377 gram (see table, p. 60) in 
commercial T. N. T. detonators are therefore only slightly in 
excess of the minimum weight necessary for producing complete 
detonation of the T. N. T. If, then, the efficiency of the priming 
charge is only slightly diminished by such cause as the absorption of 
a small amount of moisture, the complete detonation of the T. N. T. 
does not result on explosion of the priming charge. The ordinary 
fulminate detonators were not affected by such exposure to moisture, 
probably for the sole reason that the weight of fulminate composition 
in them was in a proportion much greater than the weight of moisture 
absorbed. Longer exposure would no doubt have caused the same 
deterioration as was noted in the T. N. T. detonators. 

The fact, however, that the T. N. T. detonators became entirely 
unserviceable after storage for as short a period as three weeks under 
conditions that might exist in a damp storage magazine or during a ~ 
protracted period of wet weather justifies the conclusion that the 


use of a priming charge too close to the minimum limit is not 
advisable. 
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RELATION OF POSITION OF DETONATOR TO RESULT OF SAND TEST. 


In connection with the sand tests effort was made to determine 
the effect of failure to arrange the detonator in the exact center of 
the mass of 100 grams of sand in the bomb used in the tests. 

As noted on page 14, it was found that if 40 grams of the sand 
was placed in the bomb, the detonator held in position on top of 
this layer, and the remaining 60 grams poured around it, the charge 
in the detonator was approximately in the center of the sand. This 
procedure was followed in all tests described in this bulletin, except 
as otherwise noted. In the tests discussed below the weight of the 
first part of sand was successively varied from 30 grams to larger 
quantities up to 50 grams, so that in the different tests the deto- 
nator was placed at points considerably below or above the central 
point of the sand. 


Results of tests of detonators placed at different points within the bomb. 


Designation of detonator...... 178. M1588. M54. 


Grade of detonator............ No. 5. No. 6. No. 7. 


Weight of sand below detona- 


50 30 
20.64) 36.75 


40 
36.00 


50 30 
38.51 | 49.75 


40 
48. 83 


50 
47.86 


The results of these tests of three samples of detonators in different 
positions in the sand show such slight variations that it can be con- 
cluded that failure to adjust the detonator in the exact center of the 
sand will not appreciably affect the weight of sand pulverized by 
the explosion of the detonator. 


STANDARDIZATION OF TESTING METHOD. 


The apparatus for conducting the sand test in the laboratory of 
the Bureau of Mines can easily be duplicated by persons desiring to 
make tests of detonators supplied them by the manufacturers, and 
if the “standard sand” described on page 12 is used the results 
obtained should be entirely comparable with the results discussed in 
this bulletin, 

If there are any deviations from the size or shape of the bomb or 
from the grade of sand described, it would be necessary to standard- 
ize the method to apply to the particular apparatus used, in order 
to determine the grade of a given detonator or to compare the results 
of the tests with those discussed herein. 
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CONCLUSIONS. 


The results obtained in the tests described in this report justify the 
conclusion that the sand test provides an exact means of grading 
commercial detonators. As regards each of the fulminate composi- 
tions tested, the value established by the sand test has been shown to 
be a definite function of the weight of charge. It has also been 
demonstrated that the weight of charge of a given composition in a 
detonator may be closely estimated from the quantity of sand 
pulverized in the sand test of the detonator. 

The relative efficiencies of the various fulminate compositions 
tested, as indicated by the quantity of sand crushed by each when 
subjected to the sand test, have been shown to be comparable with 
their relative efficiencies in causing complete detonation of nitro- 
substitution compounds of varying degrees of sensitiveness to 
detonation. 

If the efficiency of a detonator in crushing sand and in causing the 
detonation of nitrosubstitution compounds may be taken as a 
measure of its efficiency in practical work in detonating blasting 
explosives, such as the nitroglycerin dynamites, the sand test fulfills 
every requirement of a practical test of the “strength” of commercial 
detonators. 

So far as the authors are aware no practical test based on relative 
ability to bring about complete detonation and develop the maximum 
energy of nitroglycerin explosives, and yet subject to such influences 
as normal variations in density and uniformity of composition of the 
explosives, thus permitting accurate comparison of detonators, has 
yet been devised, but it is believed that the results of such a test 
would confirm those of the sand test. 
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PUBLICATIONS ON EXPLOSIVES FOR MINING AND ACCIDENTS 
THEREFROM. 


A limited supply of the following publications of the Bureau of 
Mines is temporarily available for free distribution. Requests for 
all publications can not be granted, and applicants should limit 
their selection to publications that may be of especial interest to 
them. Requests for publications should be addressed to the Director, 
Bureau of Mines, Washington, D. C. 


BuLietin 15. Investigations of explosives used in coal mines, by Clarence Hall, 
W. O. Snelling, and S. P. Howell, with a chapter on the natural gas used at Pitts- 
burgh, by G. A. Burrell, and an introduction by C. E. Munroe. 1911. 197 pp., 
7 pis., 5 figs. 

BuLuetin 17, A primer on explosives for coal miners, by C. E. Munroe and Clarence 
Hall. 61 pp., 10 pls., 12 figs. Reprint of United States Geological Survey Bulle- 
tin 423. 

Butietin 59. Investigations of detonators and electric detonators, by Clarence 
Hall and 8. P. Howell. 1913. 73 pp., 7 pls., 5 figs. 

BULLETIN 66. Tests of permissible explosives, by Clarence Hall and S. P. Howell, 
1913. 313 pp., 1 pl., 6 figs. 

BuLuetin 69. Coal-mine accidents in the United States and foreign countries, 
compiled by F. W. Horton. 1913. 102 pp., 3 pls., 40 figs. 

Buuietin 80. A primer on explosives for metal miners and quarrymen, by C. E. 
Munroe and Clarence Hall. 1915, 125 pp., 15 pls., 17 figs. 

TrecHNIcAL Parer 6. The rate of burning of fuse as influenced by temperature 
and pressure, by W. 0. Snelling and W. C. Cope. 1912. 28 pp. 

TECHNICAL Parer 7. Investigations of fuse and miners’ squibs, by Clarence Hall 
and S. P. Howell. 1912. 19 pp. 

TecHNICAL Paper 12. The behavior of nitroglycerin when heated, by W. O. 
Snelling and C.G. Storm. 1912. 14 pp., 1 pl., 2 figs. 

TECHNICAL Paper 17. The effect of stemming on the efficiency of explosives, by 
W. O. Snelling and Clarence Hall. 1912. 20 pp., 11 figs. 

TECHNICAL PaPer 18. Magazines and thaw houses for explosives, by Clarence Hall 
and S. P. Howell. 1912. 34 pp., 1 pl., 5 figs. 

TECHNICAL Parer 30. Mine-accident prevention at Lake Superior iron mines, by 
D. E. Woodbridge. 1913. 38 pp., 9 figs. 

TECHNICAL Paver 40. Metal-mine accidents in the United States during the cal- 
endar year 1911, compiled by A. H. Fay. 1913. 54 pp. 

TecHnicaL Paper 46. Quarry accidents in the United States during the calendar 
year 1911, compiled by A. H. Fay. 1913. 32 pp. 

TECHNICAL Parer 48. Coal-mine accidents in the United States, 1896-1912, with 
monthly statistics for 1912, compiled by F. W. Horton. 1913. 74 pp., 10 figs. 

TECHNICAL ParerR 52. Permissible explosives tested prior to March 1, 1913, by 
Clarence Hall. 1913. 11 pp. 

TecunicaL Paper 61. Metal-mine accidents in the United States during the 
calendar year 1912, compiled by A. H. Fay. 1913. 76 pp., 1 fig. 

TeEcHNICAL Paver 67. Mine signboards, by Edwin Higgins and Edward Steidle. 
1913. 15 pp., 1 pl., 4 figs. me 
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TrcHNICAL Paper 69. Production of explosives in the United States in the calendar 
year 1912, compiled by A. H. Fay. 8 pp. 

TECHNICAL Paper 71. Permissible explosives tested prior to January 1, 1914, by 
Clarence Hall. 1914. 12 pp. 

TECHNICAL Paper 92. Quarry accidents in the United States during the calendar 
year 1913, compiled by A. H. Fay. 1914. 76 pp. 

TECHNICAL Paper 94. Metal-mine accidents in the United States during the calen- 
dar year 1913, compiled by A. H. Fay. 1914. 73 pp. 

TECHNICAL Parer 100. Permissible explosives tested prior to March 1, 1915, by 
S. P. Howell. 1915. 16 pp. 

TECHNICAL Paper 111. Safety in stone quarrying, by Oliver Bowles. 1915. 48 
pp., 5 pls., 4 figs. 

Miners’ Crrcutar 7. Use and misuse of explosives in coal mining, by J. J. Rut- 
ledge, with a preface by J. A. Holmes. 1913. 52 pp., 8 figs. 

Mrivers’ Crrcutar 13. Safety in tunneling, by D. W. Brunton and J. A. Davisl 
1913. 19 pp. 

Mrvers’ Crrcunar 19. The prevention of accidents from explosives in meta. 
mining, by Edwin Higgins. 1914. 16 pp., 11 figs. 

Miners’ CrrcuLar 21. What a miner can do to prevent explosions of gas and of coal 
dust, by G.S. Rice. 1915. 24 pp. 
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